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Abstracts 
Ethanol is in great demand for industrial uses such as organic solvents, 
• «.•'' — __ 
germicide, antifreeze and fuel. An ethanol producing bacteria, Zymomonas 
^obilis, has the ethanol fermentative pathway. This bacteria possesses the enzyme 
pyruvate decarboxylase which converts pyruvate into acetaldehyde. Acetaldehyde 
is then converted to ethanol by the enzyme alcohol dehydrogenase. 
The genes ^ c (coding for the enzyme pyruvate decarboxylase) and adhB 
•i . 
(coding for the enzyme alcohol dehydrogenase) had been cloned from Z mobilis 
into a plasmid and then transformed into Escherichia coli. The transformant 
changed into producing ethanol as the major fermentative end product. 
In this study, I tried to transform the plasmids pZAN4 and pZAN2, which 
harbouring pdc-adhB and pdc respectively, into Salmonella typhimurium strains. 
The restriction defective, (rrn
+
) intermediate host JR502 was transformed first. 
The modified plasmids were then isolated and transformed into wild type S. 
typhimurium LTZ.pflR mutant of S. typhimurium HSK1124 was also transformed 
with PZAN2 and PZAN4. “ 
A high production of ethanol was detected in JR502 harbouring PZAN4 
(128 mM from 55 mM glucose), when compared with host itself ( 5.9 mM from 
55 mM glucose), a 22 fold increase was observed. An fifteen fold increase of 
ethanol production was also detected in wild type S. typhimurium harbouring 
xi 
pZAN4 (91 mM verse 6.1 mM in host itself). No significant increase of ethanol 
production was detected in pflR mutant HSK 1124. 
.“ Growth of strains of S. typhimurium harbouring plasmid PZAN4 was faster 
than those harbouring pZAN2 which in turn was faster than the hosts themselves. 
So the presence of these two plasmids promoted the growth of the strains of 5. 
typhimurium. The plasmid pZAN4 was stably maintained inside the hosts up to 
2 4
 hours while pZAN2 was retained at 100 % level up to 9 hours only. LT2 
tolerated 5 % ethanol (v/v) without a significant fall of cell density. JR502 
decreased to an optical density of 0.3 in this ethanol concentration. HSK1124 
showed a sudden drop in cell density at 5 % ethanol concentration. The attempt 
to subclonepdc-adh using the broad-host-range plasmid pKT240 was unsuccessful. 
A marine Vibrio, V. sp strain 60, was identified according to routine 
identification processes as V, anguUlarum. Evidence was also provided from 
systematic studies of V. species by Arbitrarily-primed Polymerase Chain Reaction 
(AP-PCR). The optimal growth conditions of V. sp. strain 60 was found to be 2 
%
 sodium chloride, P medium, pH 6 to 8 and 42 °C. A plasmid RP4 derived 
broad-host-range plasmid pIOl was isolated which could be used as a shuttle 
cloning vector. Ethanol production by fermentation of 50 mM sugars was 
performed and the best substrate for ethanol production by fermentation was 
mannitol (32.7 mM) while the second best was fructose (26.3 mM). K sp. strain 
60 tolerated 3 % ethanol and 1 M sodium chloride. Transformation process by 
參 • 
electroporation in V. sp. strain 60 was developed, the optimal resuspending buffer 
consisted of 272 mM sucrose, 15 % glycerol and 7 mM sodium phosphate at pH 
7，the large plasmid pIOl was transformed back into strain 60 using this process. 
Attecfipt to clone pdc-adh into pIOl was, however, unsuccessful. 
« 書 • 
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Ethanol is produced world-wide by fermentation for beverage, industrial 
uses as industrial solvent, germicide, antifreeze, chemical raw material, and fuel. 
Ethanol is always in great demand. 
Some of the terrestrial and marine species of the enteric bacteria perform 
a mixed acid fermentation when they grow anaerobicaUy on fermentable sugars 
such as glucose, fructose or sucrose. The fermentative end products consist of 
ethanol, acetate, lactate, formate, succinate, carbon dioxide and hydrogen gas. 
Wood ( 1961 ) found that Escherichia coli produced lactate as the main end 
product (50%) and ethanol and acetate (each 20%) in the fermentation of 
glucose. 
Only one bacterium, Zymomonas, among the close relatives of the enteric 
group has the ethanol fermentative pathway. This bacterium possesses the enzyme 
pyruvate decarboxylase which converts pyruvate into acetaldehyde. Acetaldehyde 
is then converted to ethanol by the enzyme alcohol dehydrogenase. The alcohol 
conversion efficiency of Zymomonas is as high as that of the yeast Saccharomyces 
cerevisiae. Ingmm et 议(1987) and Neale ^ al (1988) have cloned the genes pdc 
(coding for pyruvate decarboxylase) and adh (coding for alcohol dehydrogenase) 
from Zymomonas mobilis into a plasmid and then transformed into E. coli. The 
transformant was changed into producing ethanol as the major fermentative end 
product, pfl mutant of Salmonella typhimurium isolated (Wong, 1987) that 
shifted mixed acid fermentation into lactate fermentation, producing lactate as the 
1 
major end product. So the proportions of the end products in mixed acid 
fermentation can be changed by both genetic and physiological manipulation. 
Current industrial fermentation plants usually require large volumes of 
freshwater for culture and cooling purpose, the cost of production will be even 
higher because of transportation cost of the raw materials form their place of 
origin to the plant, so industrial fermentation using marine microorganisms may 
bypass these obstacles. 
Most species of a marine enteric species, Vibrio, could also ferment sucrose 
via the mixed acid fermentation pathway. Moreover, plasmids suitable for use in 
the marine enteric bacterium Vibrio parahaemolyticus has been developed (Datta， 
et al.y 1984). Transformation systems, both natural or artificial, for Vibrio species 
became feasible (Hamashima, et al, 1990; Jeffrey, et al, 1990). So these bacterial 
groups are thus potentially useful for genetic manipulation to produce ethanol. 
The objectives of this study are: 1) to genetically manipulate the 
fermentative pathways of terrestrial enteric bacteria such that ethanol is produced 
as the major end product. The terrestrial enteric bacterium Salmonella 
typhimurium will first be manipulated and will serve as a model system. 2) to find 
the feasibility of using marine enteric bacterium, Vibrio species to produce ethanol 
by fermentation in a sea water based fermentation process, thus providing more 
information about fermentation in marine bacteria. 
2 
,• 
I n t h i s s t u d
y，Salmonella typhimurium wild type strain LT2 produced fifteen 
fold higher ethanol after transforming with a plasmid harbouring Zymomonas 
mobilis genes pyruvate decarboxylase (pdc) and alcohol dehydrogenase (adh). The 
ethanol production level was twenty two fold higher in intermediate host JR502 
(: ( rm
+
) harbouring pdc and adh. As to HSK1124 (pfl defective mutant), no 
significant change in ethanol production rate was found between host and 
transformants, but the growth of this strain under anaerobic condition was 
improved in the presence of pdc and adh genes. 
V l b r i o S
P-
 s t r a i n
 60 utilized fructose, glucose, lactose, mannitol, maltose, 
sucrose to produce ethanol. I have tried to develop a transformation system in this 
strain but not succeed/ Conventional tests and fingerprinting using Arbitrarily-
primed Polymerase Chain Reaction were used to identify Vibrio sp. strain 60. 
3 
Literature review 
1) Ethanol production in bacteria 
L , 1.1) Zymomonas mobilis 
For centuries, Zymomonas has been utilized in the tropics as a 
natural fermentation agent for home-brewed alcoholic beverages produced from 
plant saps. (Montenecourt, 1985) Based on the parameters suctr as 
deoxyribonucleic acid base composition, genome size and similarity，relatedness 
of electrophoretic protein patterns, numerical analysis ofphenotypic characteristic 
and infrared spectroscopy , Swings and De Ley (1977) concluded 4 different 
strains into a single species Zymomonas mobilis with 2 subspecies. Zymomonas 
mobilis subspecies mobilis, the organism currently envisioned for industrial ethanol 
product ion and Zymomonas mobilis subspecies pomaceae，the agent responsible 
for beer and cider spoilage. 
Zymomonas can utilize only 3 carbohydrates: glucose, fructose 
and sucrose. The radiorespirometric experiment conducted by Stem 过 «/(1960) 
confirmed that Zymomonas mobilis utilized a modified Entner-Doudoroff pathway 
for glucose and fructose metabolism. A representative scheme of the pathway 
including the presumed enzymes is given below: 
4 
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The main fermentative products formed by Zymomonas are ethanol and 
g
° 2 - Zymomonas is very inefficient in converting glucose fructose and sucrose 
to biomass that only 2 to 6 %. of the sugar fermented is used for cell growth 
(McGiH and Dawes, 1971). The remainder is quantitatively converted to ethanol 
and C0 2 . The molar conversion efficiency appears to be strain specific and varies 
between 1.5 and 1.9 mole ethanol/mole glucose. Acetaldehyde, acetate, lactate, 
acetyl methylcarbinol and glycerol are produced in trace quantities 
(Montenecourt, 1985). 
Continuous ethanol production from sago starch using immobilized 
aminoglycosidase(AMG) and Zymomonas mobilis cells was studied. Chitin was 
used for immobilization of AMG and Zymomonas mobilis were immobilized in 
sodium alginate beads. The maximum ethanol yield (Y p / s) is 0.43 g/g (84% of 
theoretical yield) in this system (Lee et al, 1987) 
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1.2) Clostridium species 
Clostridium is an endospore-forming, chemoorganotrophic, obligately 
anaerobic bacterium which occurs widely in soil and mud, and in the intestine of 
man and other animals. Some species are saprophytic and others are opportunistic 
pathogens. 
Metabolism is generally described as fermentative, in the absence of 
carbohydrates, hydrogen transfer is balanced by Stickland reaction. Many 
Clostridia prefer to ferment mixtures of amino acids. They cany out coupled 
oxidation-reductions between pairs of amino acids. One amino acid, for instance, 
alanine, is oxidized and the second one^fox example, glycine, is reduced. 
Alanine CH 3CH(NH 2)COOH + 2H20——-〉CH3COOH + C02 + NH 4 + 4H 
Glycine 2NH 2CH 2COOH + 4H —--> 2 CH 3COOH + 2 NH 3 
Stickland reaction is carried out by practically all proteolytic Clostridia, 
such as C. sporogenes, C sticklandiiy C. histolyticum and C. botulinum. Some 
amino acids are preferably used as H-donor and others as H-acceptor .( 
Gottschalk, 1986) -
The growth of saccharolytic Clostridia such as C. acetobutylicum, C. 
butyricum, C, pasteurianum and C. perfringerts is dependent on the presence of 
fermentable carbohydrate; most saccharolytic species form acetic acid, butyric acid 
or butanol (C. acetobutylicum) as a major product. Ethanol was produced as a 
minor product together with lactate. 
7 
The pattern of ethanol formation under glucose limitation by continuous 
cultures of Clostridium thermosaccharolyticum was studied. Production of ethanol 
is affected by culture conditions such as pH and dilution rate. (Vancanneyt et al, 
1990). 
Glucose 
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1.3) Enterobacter, Klebsiella, Serratia and Erwinia species. 
Certain enterobacteria, including species oiEnterobacter, Erwinia, Klebsiella 
and Serratia carry out butanediol fermentation. The main products of glucose 
fermentation include ethanol, 2,3-butanediol, formic acid or CO. and Hv small 
L Z， 
amounts of diacetyl may also be formed from acetolactate. (Gottschalk, G. 1986) 
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1.4) Escherichia coli and Salmonella typhimurium. 
The enterobacteria Escherchichia and Salmonella ferment sugars to lactic, 
acetic, succinic and formic acids with the production of C0 2 H2 and ethanol via 
mixed acid fermentation pathway. 
Hexose was broken down via Embden-Mayerhof-Parnas (EMP) pathway. 
The pathway lead to succinate branches off at phosphoenolpyruvate and all other 
end products are derived form pyruvate. The proportions of the products are 
dependent on the organism and growth conditions. (Hartley and Payton, 1983) 
Glucose 
/ 
EMP pathway / 
/ 
Phosphoenolpyruvate • Oxaloacetate • Succinate 







Three enzyme systems are responsible for the conversion of pyruvate. The 
amoums of which the fermentation products depend on the activities of these 
, enzyme systems. Compared to butanediol fermentation, mixed acid fermentation 
produces less formate, ethanol, 2,3-butanediol, and C0 2 gas but more acetate, 
lactate； succinate and hydrogen gas( Wood, 1961). 
、 Product Mixed acid 2,3-butanediol 
fermentation fermentation 
moles formed/100 moles glucose 
2,3-butanediol 0.3 66.4 
Formate 2.4 17 
Succinate 10.7 
Acetate 36.5 0.5 
H
2 g a s 75 35.4 
C 0 2 88 172 
Table 1. Products formed in the mixed and 2,3-butanediol fermentation (Wood 
1961). 
Escherichia coli could be changed into producing ethanol as the major 
fermentative end product by transformation with plasmids harbouring the genes 
pyruvate decarboxylase (pdc) and alcohol dehydrogenase (adh) from Zymomonas 






” j = = = pyruvate ^lactate 
厂 k 
.Acetyl-CoA Acetyl-P 








The conversion ratio of glucose to ethanol is higher than 90%, molar 
concentration of ethanol was 750 mM from LB + 10 % glucose (Ingram et aL， 
1987) and 400 mM form LB + 4% glucose (Neale et aL, 1988). 
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2) Pyruvate Decarboxylase of Zymomonas mobilis 
2.1) Enzyme properties 
- Pyruvate decarboxylase (EG 4.1.1.1) from the ethanol producing 
bacterium Zymomonas mobilis was purified to homogeneity by dye-ligand and ion 
exchange chromatography (Neale et al, 1987b). The action of this enzyme is 
decarboxylation of pyruvate to form acetaldehyde. 
CH3 
I 
C = 0 H O 
丨 t II 
L
-——> ch3ch + co2 






This enzyme is an acidic protein with an isoelectric point of 4.87 and has 
an apparent molecular weight of 200,000 ± 10,000 Dalton. Gel filtration on 
Sephracryl S-200 indicated a molecular size of 240,000 ±5,000 Dalton (Neale et 
a l
” The purified enzyme formed a single band in sodium dodecyl sulfate 
polyaciylamide gel electrophoresis with a molecular weight of 56,500 ± 4，000 
which indicated that the enzyme consists of four identical subunits. The 
dissociation of the cofactor Mg^. and thiamine pyrophosphate (TPP) at pH8.9 
resulted in a total loss of enzyme activity which could be restored to 99.5% at pH 
6.0 in the presence of both cofactors. For the apoenzyme the apparent K^ value 
for M g ^ and thiamin pyrophosphate were determined to be 24 mM and 1.28 /jlM. 
The apparent K^ value for the substrate pyruvate was 0.4 mM. (Bringer-Meyer, 
et 观6) This enzyme had normal Michaelis-Menten kinetics. (Neale et aL, 
1987b) 
Amino acid sequence of pyruvate decarboxylase as deduced by the DNA 
sequence of the pdc gone of Zymomonas mobilis contains 7 tryptophan residues, 
two of which are close together and could represent thiamin-binding site. PDC 
showed no significant homology with pyruvate dehydrogenase although both 
enzymes use the same substrate and require thiamin pyrophosphate as a cofactor. 
(Reynen and Sahm, 1988) 一 
The amino sequence of PDC as derived from the Z. mobilis pdc DNA 
sequence were compared with that of yeast and with sequences in databases ( 
Gree马 1989). Extensive sequence similarities were found between them and with 
two others: 1) cytochrome-linked pyruvate oxidase and 2) acetolactate synthase 
( i l v 111 Escherichia coli )• When PDC was compared with other TPP-binding 
14 
enzymes, a common sequence motif approximately 30 residues in length was 
detected. The highly conserved sequence -GDG- and with the highly conserved 
sequence -NN-. Secondary structure predictions suggest that the motif may adopt 
a beta-alpha-beta fold. (Hawkins et al, 1989) Hydropathy plots for the amino acid 
sequence, indicated that PDC contains a large number of hydrophobic domains 
which may contribute to the thermal stability of this enzyme. ( Conway et al, 
1987a) 
2.2) Cloning and Expression of pyruvate decarboxylase (pdc) gene 
Pyruvate decarboxylase (pdc) gene was cloned separately by three groups 
(Brau and Sahm, 1986; Conway, ^ a / . , 1987b; Neale ^ a / . , 1987a) All three groups 
used antibody to screen putative clones. Neale ^ a/. (1987a) partially digested Z. 
mobilis chromosomal DNA by Sau 3A that maximized the number of fragments 
of 2 to 6 Kb in length. A library was constructed by ligation of these fragments 
onto Bam HI cut plasmid pUC9 and then transformed into E. coli strain JM101. 
Recombinant were plated without IPTG induction on nitrocellulose filter overlays 
on nutrient agar containing ampicillin (100 fig per ml). The colonies一on replica 
filters were lysed in situ and probed with affinity-purified antibodies and 1 / i d of 
125
I-labelled protein A. 
Brau and Sahm (1986) used the cosmid vector pHC 79 to construct a Z. 
mobilis genomic library. Two clones of E. coliEDS767 harbouring pdc expressed 
15 
pdc well under both aerobic and anaerobic conditions. The clones converted 25 
mM of glucose to 41.5 mM ethanol and almost no acids. 
Conway et a/. (1987b) used Sphl to digest chromosomal DNA isolated from 
Z. mobilis CP4. DNA fragments with sizes from 4 to 6 Kb were ligated onto 
plasmid pUC18 and the resulting plasmids were transformed into E. coli 1M101. 
The Z. mobilis promoter for pdc does not resemble the E. coli consensus 
promoter sequence and could not be recognized by E. coli. In E. coli, translation 
is promoted by adenine and thymidine residues between the ribosome-binding‘ site 
and translational start. The occurrence of TAA immediately downstream from the 
ribosome-binding region in pdc from Z. mobilis may contribute to its high level 
of expression in Z. mobilis. The most abundant codons for each amino acid mpdc 
from Z. mobilis were the same as the most abundant codons used by coli with 
the exception of tyrosine (TAC in E. co/z) and alanine (GCG in E. coli). Ten 
uncommon codons were absent in pdc, seven in low abundance. 
The complete nucleotide sequence of the structural gene encoding pdc 
from Z. mobilis has been determined (Neale et a/., 1987a). The coding region is 
1704 nucleotides long and encodes a polypeptide of 567 amino acids. The amino 
acid sequence was confirmed by comparison with the amino acid sequence of a 
selection of tryptic fragments of the enzyme. 
Aerobically, ethanol was produced to a less extent. Oxygen itself may also 
act as an inhibitor for the enzyme pyruvate decarboxylase. Ethanol was produced 
only to 200 mM compared with 400 mM in anaerobic condition (Neale et al” 
1988). 
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3) Alcohol dehydrogenase of Zymomonas mobilis 
3.1) Cloning, characterization and expression of adh genes 
Zymomonas mobilis ferments sugars to produce ethanol with two 
biochemically distinct isoenzymes of alcohol dehydrogenase. The adhA gene 
encoding alcohol dehydrogenase I has been sequenced and compared with the 
adhB gene, which encodes the second isoenzyme. (Keshav et ah, 1990). Both zinc-
containing alcohol dehydrogenase (ADHI) and iron-containing alcohol 
dehydrogenase isoenzyme(ADHII) are utilized during fermentative growth. ADHI 
can use both ethanol and butanol as substrates whereas ADHII oxidizes ethanol 
only. The pi value for ADHI was pH5.9. 
gene was cloned from partially digested Sou 3A Z, mobilis DNA 
ranging from 5 to 10 Kbp to be ligated into the Bam HI site of plasmid pUC18. 
Recombinant plasmids were transformed into E. coli TC4. Clones were selected 
for resistance to ampicillin and aldehyde indicator plates containing ethanol. 
(Conway, et al, 1987b) Subsequent subcloning reduced the size to 1.25 Kb which 
was approximately the minimal size required to encode ADHI. A single open 
reading frame was identified in this sequence. The protein encoded has a size of 
40,000 Da and was consisted of 377 amino acids. The primary sequence revealed 
that ADHI is a zinc-binding enzyme. There are approximately 22 conserved 
amino acids in adhA compared with other alcohol dehydrogenase. No significant 
homology was found between ADHI and tetrameric iron-containing ADHH ofZ. 
17 
mobilis. The adhA gene use 59 amino acid codons and does not exhibit strongly 
preferential use of single codon for most amino acids (Keshav, et al” 1990). 
A possible promoter region, which has homology with promoter regions 
form other Z. mobilis genes and with the prokaryotic consensus sequence for -10 
and -35 region, was identified at about 70 bp upstream from the proposed 
ribosome-binding site. 
The native coding region of adhA is preceded by the sequence AGG, a 
probable ribosome-binding site located 10 bp upstream from the start codon. The 
open reading frame is followed by tandem, in frame termination codons which are 
separated by 21 bp. A palindromic sequence capable- of forming—a stem and loop 
structure begins immediately after the second stop codon and may serve as a 
terminator. 
adhB gene was contained in a library of Z. mobilis genomic DNA in the 
broad-host-range plasmid pLOI193, recombinant DNA was amplified in E. coli 
TC4. 5.6Kb insert were later truncated to 1.23Kb long byDral. 
(Conway et al” 1987b) 
The ribosome-binding-site was encoded by GAGG located 8 bp upstream 
from the start codon. This gene ended with a single stop codon, TAA. A 13 bp 
palindrome which resembles a prokaryotic terminator is located 50 bp down 
steam form this stop codon. The sequence upstream form the ribosome-binding-
site of adhB is extremely A+T rich and contains several potential -10 and -35 
• 18 
regions but most of these do not show the proper spacing to be considered 
homologous to the promoter consensus sequences described for E. coli. 
Primer extension experiment using mRNA from E, coli TC4 indicated a 
weak site of initiation directly adjacent to the thymidine used by Z. mobilis at the 
second promoter site (P2). Strain TC4 did not appear to use the first promoter 
(PI). Each of the tandem promoter used by Z. mobilis is similar to the consensus 
promoter sequence for E. coli. The -10 region of PI contains the sequence 
CATATT, with four of six bases in common with the consensus sequence. The -10 
region of PI contains the sequence TAGAAA, also with four of six bases 
matching the consensus sequence. The -35 region of P2 and： PI are nearly 
homologous，with the sequences TTGATC and TTGCTC respectively. 
Normally, tandem promoters are differentially expressed, for instance, 
Drosophila melanogaster expressed adh gene separately at different stages of 
development by tandem promoters. But Z. mobilis uses both adhA and adhB 
promoters during log-phase growth.( Conway et al, 1987a) 
The activities of ADHI and ADHE are altered by supplementing growth 
medium with iron or zinc salts and by iron starvation. ( Mackenzie et. al” 1989a, 
1989b) ADHE is the dominant enzyme in Z. mobilis during growth in complex 
medium while ADHI was the dominant enzyme in minimal medium. 
Growth in the presence of iron chelators reduced ADHH activity with a 
less-than-compensatory increase in ADHI activity. The addition of 20 ^M ferrous 
19 
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sulfate increase the level of ADHII activity in the absence of chelators and 
restored ADHII activity in their presence. 
M 
ADHII appears to be the preferred isoenzyme in Z. mobilis and the 
synthesis: of this enzyme is constitutive even under conditions in which insufficient 
iron is available for activity. Once folded into an inactive form under iron-
restrictive conditions, this polypeptide is not rapidly degraded but persists in the 
cell at roughly the same level as those present when this polypeptide is made in 
the- active form. Iron availability has much less effect on the level of ADHI 
activity( Mackenzie et al” 1989a)-
Metals other than iron did not increase ADHII production in minimal 
medium. Increase ADHII activity in response to added iron but cobalt(as in vitro 
studies) provided evidence that the in vivo form of this enzyme utilized iron 
(Mackenzie et aLt 1989a). 
The antagonism of zinc inhibition by iron may reflect a competition 
between these ions during uptake or intracellular competition for binding sites 
during the folding of the nascent polypeptide. (Mackenzie era/., 1989a). 
Several potential roles for the ADH isoenzymes can be readily envisioned: 
the availability of two isoenzymes which utilize different metals may provide 
nutritional flexibility of the maintenance of this essential activity under metal 
limiting condition. The apparent preference for the production of iron enzyme 
ADHII when both metal are abundant may reflect that zinc is spared for other 
essential cellular functions. ADHI is inhibited by ethanol but ADHII is activated 
20 
by the accumulation of ethanol during fermentation. (Mackenzie et al" 1989a, 
1989b) 
4) Gene transfer systems in marine Vibrio species 
Members of the genus Vibrio are known to be marine bacteria with the 
exception of V. cholerae, which is terrestrial. Much of genetic studies are 
concentrated on V. cholerae because of the medical significance of this bacterium. 
In contrast to V. cholerae, little or no information is available on the genetics of 
the remaining Vibrio species. Keynan er a/. (1974) isolated a bacteriophage for V. 
harveyi which transduces only the genes of the tryptophan operon ( Crawford and 
Nealson, 1976). 
Recently a Japanese group established two gene transfer systems for a 
marine vibrio, Vibrio sp. strain 60 (Ichige 打 al, 1988,1989). One was generalized 
transduction with a newly isolated bacteriophage, As3, and the other system was 
conjugal gene trasfer by the use of newly constructed Transposon-facilited-
recombination {Tfr) donors. Vibriophage As3 transduced various chromosomal 




. Tfr donors, which were constructed by 
introducing transposon TnlO into both plasmid RP4 and the chromosome 
mediated the polarized transfer of chromosomal genes from the sites of TnlO 
insertion on the chromosome. By means of these gene transfer systems, a 
chromosome map of Vibrio sp. strain 60 was constructed (Ichige et al” 1989). 
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Transformation systems in marine Vibrio was not described until 1990 ( 
Hamashima et al., 1990; Jeffrey et al., 1990). Natural transformation was not 
found until recently by Jeffrey and his colleagues (1990). A marine vibrio, Vibrio 
sp. DI9, isolated form Tampa Bay of Florida, was found to be naturally 
transformed by the broad host range plasmid pKT230. This is the first report of 
natural transformation by plasmid DNA of a marine Vibrio species. 
Transformation frequencies ranged form 0.3 to 3.1X10"
8
 transformants per 
recipient. Transformants were detected by both plating and by selection for 
growth in liquid medium in the presence of streptomycin and kanamycin and 
confirmed by probing of southern transfers (Jeffrey et al” 1990). 
Transformation by electroporation was successful in V. parahaemolyticus, 
V： alginofyticus, V. cholerae Non O-l with three vectors: 1) pACYC184, 2) 
pHSG398 and 3) pBR325 (Hamashima, et alt 1990). The efficiency of 
transformation was dependent on three parameters: the concentration of plasmid 
DNA, the strength of the electric field, and the combination of plasmid DNA and 
recipient strain. 
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5) Rationale and objectives of this study 
Since pdc and adhB gene was cloned into a plasmid and then transformed 
into E.. co" and the host produced ethanol as the major fermentative end product, 
similar concept might be applied to Salmonella typhimurium. The wild type S. 
typhimurium was transformed with the plasmids harbouring pdc and adhB and see 
if it produces ethanol as the major end product of fermentation. pflR mutants 
which block the pathway of lactate dehydrogenase may concentrate pyruvate to 
produce ethanol. 
The system of ethanol fermentation in S. typhimurium which is a terrestrial 
enteric bacteria may act as a model system to exploid the fermentation process 
using marine enteric bacteria. A ethanol production system will be tried to 
develop using marine enteric bacteria, for instance, Vibrio species. The 
development of transformation systems in marine Vibrio and the construction of 
broad-host-range plasmids harbouring pdc and adhB genes may enhance the 
production of ethanol in marine Vibrio. The final goal is to develop sea water 
based fermentation systems using marine bacteria. 
• 23 
Part I) Ethanol Production in terrestrial enteric bacteria 
A) Introduction 
Genetic engineering of ethanol production in Escherichia coli was 
successful (Ingram et a/. 1987; Neale et “/., 1988). pdc and adhB gene of 
Zymomonas mobilis were subcloned into plasmid pUC9 and then transformed into 
K c o l L E t h a n o 1 w a
s produced as the major fermentative end product. 
Similar approach was applied to Salmonella typhimurium such that ethanol 
was produced as_ the major fermentative end product. pflR mutant of S. 
typhimurium does not produce lactate by anaerobic fermentation (Wong 1987), 
transformation of pdoadhB into this strain may cause the host to produce even 
more ethanol because a branch of the fermentative pathways was blocked. 
If S. typhimurium was used in industrial fermentation, it should be an 
ethanol tolerant strain. The ethanol tolerance level was checked and the growth 
rate was measured. Maintenance of plasmids inside the hosts determined the 
expression level of the clones genes, so the maintenance of plasmids w ^ studied. 
IfpdcadhB could be expressed in different bacteria, a broad-host-range plasmid 
harbouring pdc-adhB may provide a vehicle to produce ethanol in different 
bacteria. 
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B) Materials and Methods 
1) Bacterial strains and plasmids 
All bacterial strains and plasmids employed in this study were listed in 
Table 2. 
Table 2. Bacterial strains and plasmids 
Bacteria or plasmids Genotypes Origin or Reference 
Salmonella typhimuriim LTl wild type. Sanderson and 
Stocker, 1987 
S. typhimurium JR502 galE rLT‘ mLT + rSA； Tsai et al., 1989 
mSA + rSB 爪SB + 
S. typhimurium HSK1124 pflR::TnlO AoxrA Wong, 1987 
trp::Tn5T . 
Escherichia coli K-12 JM101 supE thi A(lac- Yenish-Perron et al., 
proAB) F'[traD36 1985 
proA^ lacF 
lacZAM15J 
E. coli K-12 HB101 pro leu thi lacY Atlas et “I” 1979 





E. coli K-12 MC1061 hsdR hsdM + hsdS + Casadaban and Cohen, 
araD139 A(ara- 1980 
比认/7697 
- galU galKrpsL 
Plasmid pZAN2 pdc AmpT Neale ^ a/., 1988 
Plasmid pZAN4 pdc adhB Amjf Neale et al.f 1988 
Plasmid pKT240 Km 1 Amjf Bagdasarian et al”、 
1983 
2) Media 
2.1) Rich Media 
2.1.1) Luria-Bertani (LB) medium 
Cells were grown in Luria-Bertani medium (10 g Bacto-tryptone, 5g 
Bacto-yeast extract and 10 g sodium chloride per litre water). For agar plates, 15 
g Bacto-agar was added per litre LB broth. , 
2.1.2) SOB and SOG media 
SOB medium was used to prepare competent cells. SOB medium 
consisted of 2% Bacto-tryptone, 0.5% Bacto-yeast extract, 10 mM NaCl, 2.5 mM 
KC1, 10 mM MgCl2, and 10 mM MgS04. 
SOC medium was used in phenotypic expression of transformants. 
This medium is identical to SOB medium except that 20 mM Glucose was added. 
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2.2) Minimal Medium 
M9 medium consisted of 6g Na2HP04, 3g KH2P04，0.5g NaCl, lg 
NH4C1 per litre water. pH was adjusted to 7.4. This medium was autoclaved, 
cooled and then 2 ml 1 M MgS04, 5 ml 40% glucose and 0.1ml 1M CaCl2 were 
added. For solid medium, 15g Bacto-agar was added per litre of medium. 
2.3) Supplements to culture
1
 media 
When needed, filter-sterilized stock solution of glucose (40%) was 
added to the autoclaved media to a final concentration of 4%. Tryptophan 
(40mM) was filter-sterilized and added to the autoclaved medium to 1 mM 
concentration. Thiamine was prepared as 20 mg/ml stock, filter-sterilized and was 
added to final concentration of 0.05 mM. 
Concentration of antibiotics were 50 ^g/ml for ampicillin and 
kanamycin and 20 /ig/ml for tetracyclines. 
3) Solutions 
SET buffer was prepared by dissolving 150 g sucrose in 600 ml nanopure 
water and then 50 ml 1 M Tris-HCl (pH 8) and 100 ml 0.5MEDTA -were added. 
The final volume was made up to 1 litre by adding nanopure water. Alkaline lysis 
buffer was made from 1 ml 2 N NaOH stock solution and 0.5 ml 20 % SDS 
solution were freshly mixed, the final volume was brought up to 10 ml by adding 
nanopure water. 3M potassium acetate, pH 4.8 consisted of 294.4 g potassium 
acetate dissolved in 600 ml nanopure water. pH was adjusted to 4.8 with glacial 
acetic acid. Nanopure water was added up to 1 litre final volume. TE buffer was 
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made from 10 ml 1M Tris-HCl (pH8) and 2 ml 0.5 M EDTA solution added to 
988 ml nanopure water. The buffer contained 10 mM Tris-HCl and 1 mM EDTA 
finally. 0.25 M EDTA (pH 8) consisted of 83.05 g N ^ E D T A ^ H ^ dissolved in 
700 ml H 2 0 and pH was adjusted to 8.0 with 10 N NaOH and added nanopure 
water to 1 litre. 1M Tris.HCl (pH 8) was made by dissolving 121 g Tris base in 
8 0 0 1111 H
2〇 and pH was adjusted to 8.0 with concentrated HC1 and added 
nanopure water to 1 litre. 20 % SDS in TE buffer 
consisted of 1) TE buffer was prepared- as previously described 2) 200 g sodium 
dodecyl sulfate dissolved in 1 litre TE buffer. 3 N NaOH solution was freshly 
prepared by dissolving 120 g sodium hydroxide pellet into 1 litre nanopure water. 
5M NaCl solution contained (per litre nanopure water) 292.5 g NaCl. 42% PEG 
in 0.01 M Na2P04 solution (pH 7) was prepared by dissolving 420 g Polyethylene 
glycol 6000 and 1.64 g Na3P04 per on litre of nanopure water. The buffer was 
adjusted to p H 7 b y l M. NaH2P04. PI buffer for QIAGEN contains 50mM Tris-
HC1，10 mM EDTA, 100 ug RNase A/ml (pH 8). QB buffer for QIAGEN 
consisted of 150 ml 5M NaCl in 50 ml 1 M Mops (pH 7). 150 ml ethanol was 
added. Nanopure water was added to 1 litre. pH was adjusted to 7. QF buffer for 
QIAGEN was prepared by adding 240 ml 5 M NaCl to 50 ml Mops (pH 8)，150 
ml ethanol was added followed by adding water to 1 litre. Ph was adjusted to 8 
by NaOH. Agarose gel loading buffer contained 0.25 % bromophenol blue and 
25% Ficoll in water. TBE Electrophoresis buffer 5x stock solution was prepared 
by adding 54 g Tris base, 27.5 g boric acid and 2 ml 0.5 M EDTA in 1 litre 
nanopure water. This buffer was diluted to lxfor use. TAE Electrophoresis buffer 
lOx stock solution was prepared and diluted to Ix for use. The lOx stock solution 
consisted of 48.4 g Tris base, 11.4 ml glacial acetic acid and 7.44 g 
NaJEDTA.2H20 in 1 litre nanopure water. 5x KGB buffer contained 200mM 
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potassium glutamate, 50mM Tris-acetate(pH7.6), 20mM magnesium acetate, 100 
ug/ml bovine serum albumin, ImM 2-mercaptoethanol. This stock solution was 
filter-sterilized and stored at 4°C. ( McClelland et alf 1988) 
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4) Isolation of plasmids 
4.1) Small Scale Isolation of Plasmids 
， 4.1.1) Isolation of low molecular weight plasmids 
Plasmids pZAN2 (7.2 Kb) and pZAN4 (8 Kb) were prepared 
basically following the procedure of Birnboim and Doly (1979). Single colony was 
picked and grown in 3 ml LB aerobically over night. All 3 ml of culture in 
Eppendorff tube by microcentrifuge. The- cell pellet was resuspended in 100 ul 
SET buffer. 300 ul fresh alkaline lysis buffer was added. The mixture was stirred 
gently till clear. The tubes were kept in ice for 30 minutes. 250 ul 3M potassium 
acetate was added. After 30 inversions, the tube was kept on ice for 10 minutes 
and then the white chromosome-protein complex was spined down at 13,000 xg 
for 10 minutes, 400 ul supernatant was poured into another Eppendorff tube and 
equal volume of cold(-20°C) isopropanol was added. Precipitated plasmid was 
then spined down by microncentrifuge for 10 minutes. The pellet was washed by 
0.5 ml 70 % ethanol and then dried in vacuum. Dried pellet was resuspended in 
10 to 20 ul autoclaved T. E. buffer. The map of plasmids pZAN2 and pZAN4 
were shown in Figure 1. 
4.1.2) Isolation of high molecular weight plasmid 
Plasmid pKT240 (Bagdasarian et al, 1983) was prepared by QIAGEN 
midiprep method. 50 ml overnight culture of E. coli SK1592 harbouring plasmid 
pKT240 was centrifuged at 6000 xg for 6 minutes and then resuspended in 4 ml 
buffer PI . 4 ml of alkaline lysis buffer was added and the mixture was mixed 
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Figure 1. Restriction maps of pZAN2 (7.2 Kb) and pZAN4 
(8Kb) 
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gently. The tube was then incubated at room temperature for 5 minutes. 4 ml of 
3 M potassium acetate was mixed gently. The mixture was centrifuged at 4°C for 
30 minutes (>20,000xg). The supernatant was removed to a polyethylene tube 
promptly. A QIAGEN pack 100 column was firstly equilibrated with 2 ml buffer 
QB. AH solution ran through the column at a rate of 1 drop per second. The 
supernatant previously collected was then applied from a syringe onto the column. 
The QIAGEN-pack 100 column was then washed with 4 ml QC buffer twice. 
Plasmid DNA was eluted with 2 ml QF buffer. Eluted DNA was precipitated by 
adding 0.5 volume of isopropanol and then centrifuged at 4°C for 30 minutes. 
The pellet was washed with 70 % ethanol and dried in speed vacuum, pump. 
Dried pellet was then resuspended in 200 ul T.E. buffer^ 
4.2) Large Scale Preparation of plasmids. 
4.2.1) Growth of culture 
Cells harbouring plasmids were first checked for phenotype, plasmid 
size and restriction sites with small scale plasmid preparation. Single colony was 
inoculated to 5 ml LB broth supplemented with appropriate antibiotic. 1 ml of 
this overnight culture was added to 500 ml LB medium supplemented with 
antibiotics in a 3 litre flask. The culture was shaken at 250 rpm and was kept at 
37 °C for at least 10 hour before harvest. 
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4.2.2) Preparation of crude plasmid solution 
4.2.2.1)Preparation of low molecular weight plasmids. 
， The cells were harvested by centrifugation at 6000xg for 7 minutes 
at 4。C. The cell pellet was resuspended in 20 ml SET buffer. 40 ml alkaline lysis 
buffer was then added with gentle. mixing. The lysate was kept in ice for 30 
minutes. 30 ml 3 M potassium acetate was added to the viscous lysate and kept 
in ice for 10 minutes. The flocculent precipitate was removed by centrifugation 
at 13,000 g for 30 minutes. Supernatant was transferred to a new bottle and equal 
\ , 
volume of cold isopropanol (-20°C) was added. Precipitated DNA was recovered 
by centrifugation at 13,000 g for 20 minutes. The DNA pellet was dried and then 
dissolved in 4 ml TE buffer, 
4.2.2.2)Preparation of high molecular weight plasmid. 
This protocol basically followed that of Hansen and Olsen, 1978. 
Cells were harvested by spinning at 6000 g for 6 minutes. The pellet was 
resuspended in 13.5 ml 25 % sucrose in 0.05 M Tris-HGl buffer (pH 8). 1 ml 
freshly prepared lysozyme ( 10 mg/ml in 0.25 M Tris-HCl buffer, pH 8) was 
added and mixed by gentle swirling. The mixture was chilled in ice for 5 minutes. 
5 ml 0.25 M Ns^EDTA (pH 8) was then added and followed by gentle swirling. 
The tubes was chilled in ice for 5 minutes. 5 ml 20 % SDS in T.E. buffer was 
added and followed by 8 cycles of heat pulse at 55°C for 15 seconds and at room 
temperature for 15 seconds with 5 inversions. 
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Alkaline denaturation was achieved by adding 5 ml freshly 
prepared NaOH (3M) followed by 3 minutes inversions. 5 ml 2 M Tris-HCl buffer 
• at pH 7 each followed by 30 seconds of inversions, this process was repeated 
once. 
Chromosomal DNA was removed by adding 6.5 ml 20 % SDS in 
TE buffer, 12.5 ml 5M NaCl was added promptly followed by 20 inversions. The 
tube was chilled in ice bath and refrigerated at 4°C for at least 6 hour. The tube 
was centrifuged at 4。C at 12,000 ipm for 30 minutes. 
The supernatant was removed to a polyethylene tube-, 0.313 
volume of 42 % PEG in 0.01M NA3P04 buffer (pH7) was added to concentrate 
plasmid DNA. The tube was inverted 10 times to enhance mixing. The solution 
was then refrigerated for at least 6 hour. Pellet was obtained by spinning at 3000 
rpm for 5 minutes at 4 °C. Supernatant was decanted, 10 ml TE buffer was added 
to resuspend DNA before CsCl density gradient ultracentrifugation. 
4.2.2.3) Purification of plasmid by CsCl density 
gradient ultracentrifugation. 
4.4 g CsCl was dissolved in the 4 ml DNA solution prepared previously. 0.4 
ml 10 mg/ml ethidium bromide solution was added. The final density of the 
solution was adjusted to a range between 1.55 and 1.59 g/ml. The solution was 
then loaded to a 5 ml polyailomer tubes which was then overlaid with mineral oil. 
Bands formed after centrifugation at 45,000rpm for 48 hour at 20°C in Beckman 
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SW50 rotor. The banded plasmid was then precipitated by adding 2 volume of TE 
and 6 volume of cold ethanol (-20°C). The tube was stored at -70°C for 1 hour 
before centrifugation for 20 minute at 13,000rpm. The plasmid pellet was washed 
with 80 % ethanol, dried and resuspended in TE buffer. 
5) Construction of broad-host-range plasmids that harbouring pdc and adh genes 
(pHKZ2). 
d ... . • • . 
pdc-adHB gtne oiZ. mobilis were cleaved from pZAN4 by Hin dHI 
partially and Eco R1 completely. pKT240 (broad-host-range plasmid) was 
chopped with the same couple of enzymes completely. The 4.7 Kb fragment of 
pdc-adhB was then eluted after gel electrophoresis and then ligated with the cut 
pKT240. Recombinant plasmid was transformed into Escherichia coli MC1061. 
Successful clones were obtained by selecting clones on ampicillin plates, checking 
plasmid size and restriction sites. 
6) Transformation 
In construction of cells harbouring plasmids pZAN2 or pZAN4, 
electroporation was employed. Electrocompetent cells were grown to log phase 
(OD660=0.4) in SOB medium. The cells were then spinned down and washed by 
cool sterile distilled water for twice. Final cell suspension was mixed with glycerol 
which came up to 20 % v/v final concentration. 
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Bio-Rad Gene Pulser was used to provide electric field to bacterial cells. 
0.2 cm cool cuvette was employed. The voltage applied was 2.5 kV while the time 
constant varied from 3.8 msec to 5.5 msec. 
Cells after a brief pulse of electricity would be allowed to r^over in SOC 
medium for one hour, successive transformants were selected by spreading on LB 
plates supplemented with appropriate antibiotics. 
7) High Performance Liquid Chromatography of organic acid products 
Sample preparation for HPLC analysis. 
Transformants and wild type strains were inoculated in LB + 4 % glucose 
in screw cap tube at 1 % volume, the culture were allowed to grow for 24 hours. 
1.5 ml culture were drawn form screw cap tube and then put into an Eppendorff 
tube. The cells were spined down and the supernatant was filtered with a 0.45/i 
Nylon 66 membrane filter (Altech) in a filter holder with a syringe. Filtered 
samples would then be subjected to HPLC analysis. 
Column: 
Aminex HPX-87H cation-exchange column (300 x 7.8 mm) for 
organic acids ( No. 125-0131; Bio-Rad) and Miaro-Guard column (No. 125-0129; 
Bio-Rad Laboratory, Richmond, Calif.) 
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HPLC system: 
Beckman Model 332 Gradient Liquid Chromatography system 
including 427 integrator operator, 210A sample injection valve ( 20 /xl), 110B 
solvent delivery module pump, a refractive index monitor and 420 system 
controller., programmer. 
Mobile phase: 
0.01 N H 2S0 4 was used after having filtered and degassed. 
Flow rate: 0.5 ml/min. 
Temperature: 40°C 
Organic acids produced were identified in chromatograms by comparing 
their retention time with standard organic acids. The concentration of each 
organic acid was determined by the standard curve in which known concentration 
of each standard organic acid was plotted against the corresponding area covered 
by the peak. 
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8) Maintenance of plasmids harbouring the genes of Zymomonas mobilis genes. 
Transformants were grown in LB broth with appropriate antibiotics for at 
least 6 hr. Overnight culture were inoculated into LB 4% glucose broth 
supplemented with appropriate antibiotics in screw cap tube. Samples were drawn 
from screw cap culture tube and diluted with saline, the dilution samples were 
spread separately onto LB plate arid LB plate supplemented with antibiotics, 
maintenance of plasmids were expressed in terms of percentage of total viable 
cells that were antibiotic resistance. 
9) Ethanol tolerance of 5. typhimurium specios 
Overnight culture-of LT2, JR502 and HSK1124 were-addai ta LB medium 
supplemented with 0% (v/v), 1%, 2 %, 3 %，4%, 5%, 6%, 8%, 10%, 13% and 
15% ethanol, cell density was measured at absorbance 600 nm after 36 hour of 
incubation at 37°C. 
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C) RESULTS 
1) Construction of Salmonella typhimurium strains which harbouring 
” Zymomonas mobilis genes. 
1.1) S. typhimurium intermediate host JR502 containing Z. mobilis genes 
Escherichia coli harbouring plasmid pZAN2 and pZAN4 were subjected to 
small scale plasmid preparation. Plasmids isolated were resolved in 0.7 % agarose 
gel electrophoresis to confirm their presence. The electrophoretic diagram was 
illustrated in Figure 2. 
Plasmid harbouring cells were then grown in large scale. Plasmids were 
isolated after harvest and cesium chloride density gradient ultracentrifugation. 
The eleetrophoTetic diagram was shown in Figure 3. 
Since S. typhimurium LT2 (wild type ) possess restriction and modification 
systems for foreign plasmids (Colson& Van Pel, 1974; Sanderson & Hurley, 1987)， 
many plasmids originating from strains other than S. typhimurium undergo severe 
restriction after transformed into S. typhimurium, so an intermediate host 
(mediator) which was restriction defective was used to modify pZAN2 and 
pZAN4 after transformation. Transformation by electroporation was conducted. 




per Mg DNA respectively. Successful clones were selected on McConkey glucose 
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Figure 2. Electrophoretic diagram of plasmids pZAN2 and 
pZAN4 isolated form Escherichia co/z JM101. 
Lane 1 and 2: Uncut pZAN2 
3 and 4: Host 
5: Uncut pZAN4 
6 : \Hind m 
40 
• 
塊咖 diagram of pZAN4 after cesium 
« density gradient i t o ^ g a t i : 
Lane 1 to 3 : Uncut pZAN4 
4: XHind m 
5
 to 7: Uncut pZAN4 
41 
1 2 3 4 
23.13 
c m ~ 4-36 
a 
H H 
Figure 4. Isolated plasmids pZAN2 and pZAN4 from JR502. 
Lane 1: Uncut pZAN4 
2: Host only 
3: Uncut pZAN2 
4: XHindm 
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ampicillin agar plate. The clones were confirmed by minipreparation of plasmids 
which were revealed in agarose gel electrophoresis Figure 4. 
So the construction of S. typhimurium intermediate host JR502 which 
harbouring Z. mobilis genes was confirmed. Modified plasmids pZAN2 and 
pZAN4 could be amplified in JR502 and the plasmids thus isolated could be used 
to transform other typhimurium strains which possessed normal restriction and 
modification systems. 
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1.2) Wild type Salmonella typhimurium (LT2) harbouring Z. mobilis genes. 
Modified plasmids pZAN2 and pZAN4 were isolated from intermediate 
host JR502 in large scale by cesium chloride density gradient ultracentrifugation. 
Purified plasmids were transformed into wild type S. typhimurium LT2 by 





 per /ig DNA respectively. 
Putative clones were selected on McConkey glucose ampicillin agar plate. 
Colonies were picked and purified. The intensity of red color in LT2(pZAN4) 
were lower than those of LT2(pZAN2) and LT2 host only. The lower intensity 
might due to less acid production in strains harbouring plasmid pZAN4. 
Confirmation was achieved by minipreparation of plasmids. The results was 
checked by electrophoresis in 0.7 % agarose. The electrophoretic diagram was 
shown in Figure 5. 
Foreign plasmids were modified and amplified in wild ty^c S. typhimurium. 
So the construction of wild type S. typhimurium harbouring Z. mobilis genes was 
succeeded. The expression of foreign genes was checked later. 
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Figure 5. Isolated plasmids from LT2 
Lane 1: XHind HI 
2: Uncut pZAN4 
3: Uncut pZAN2 
4: Host only 
5: XHind m 
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1.3) Construction of pflR mutant of S. typhimurium (HSK1124) which harbouring 
Z. mobilis genes. 
Modified plasmids pZAN2 and pZAN4 were transformed into HSK1124 
by electroporation. Putative clones were selected on MacConkey glucose 
tetracycline and ampicillin agar plate. Plasmids were isolated by minipreparation 
and the resolved in 0.7 % agarose gel electrophoresis. The electrophoretic 
diagram of plasmids isolated from HSK1124 was illustrated in Figure 6： 
Again, the construction oi pflR mutant of S. typhimurium harbouring Z. 
mobilis genes was successful. 
、 . . . ’ ： . . - . . • ' . 
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Figure 6. Isolated plasmids from HSK1124. 
Lane 1: \Hind IE 
2 and 3: Uncut pZAN4 
4 and 5: Uncut pZAN2 
6: Host only 
7: Xffindm 
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2) Fermentative end products in culture medium. 
The fermentative end products were resolved by High Performance Liquid 
Chromatography. The column was first equilibrated by injecting different 
fermentative end products at different concentrations. The retention time and the 
peak area of a particular product were then determined (Figure 7). A calibration 
curve was constructed which shown the linear relationships of concentration of 
product and the peak- area resolved in HPLC. The products included succinate, 
lactate, acetate, acetaldehyde and ethanol. The calibration curves were showirin 
the Figure 8 and 9. 
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2.1) Fermentative end products of intermediate host JR502 
The High Performance Liquid Chromatograms of the species of S. 
typhimurium were illustrated in the following figures. High Performance Liquid 
Chromatogram of fermentative end products of JR502 was shown in Figure 10 
and those of LT2 was shown in Figure 14 and those of HSK1124 was shown in 
Figure 12. 
—“ .,_乂 . .. ... . /. • .、. ： — .. • 1 : . 
The host itself produced 6.0 mM ethanol while—the major fermentative end 
product was lactate which was shown at a concentration of 14.3 mM in LB 
medium supplemented with 1 % glucose. The acetate level detected in the 
medium was 13.6 mM and a trace amount of succinate (5.0 mM) was also found. 
The presence of the high copy number plasmid pUC19 changed the major 
fermentative end product to be acetate (20 mM), but the concentration of ethanol 
was still maintained at low level (5.5 mM). 
The presence of ^ Jc gene of Z. mobilis (pZAN2) increased the ethanol 
concentration for 2.3 fold (13.8 mM), the increased in ethanol might due to the 
increase of acetaldehyde from pyruvate by pdc gene product. Alcohol 
dehydrogenase of JR502 then converted acetaldehyde into ethanol and thus 
excreted out to the medium. However, the major fermentative end product was 
acetate (14.7 mM) but not ethanol. No acetaldehyde was synthesized and then 
excreted to the medium. The acetaldehyde peak came from the medium itself. 
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In JR502 harbouring pZAN4, the production of acetate and lactate was 
depressed, which were 9.8 mM and 4 mM respectively in the medium. Glucose 
was consumed to a large extent. Ethanol was found to be 128 mM which 
exceeded the theoretical yield (100%) of ethanol produced from 55 mM glucose. 
The excess amount of ethanol reflected the cocatabolism of complex nutrients to 
pyruvate and thus to ethanol. The fermentative end products of JR502 and the 
transformants were summarized in the Table 3. 
Table 3. Fermentative end products of JR502 and 
plasmid-harbouring JR502. 
succinate lactate (mM) acetate ethanol 
(mM) (mM) (mM) 
JR502 5.0 14.3 13.6 5.9 
JR502 5.6 12.5 14.7 13.8 
(pZAN2) 
JR502 6.4 4 9.8 128 
(PZAN4) 
JR502 5.2 17 20.8 5.5 
(pUC19) 
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Figure 10. High performance liquid chromatogiam of organic 
acids produced in : ‘ 
1)JR502 2) JR502 (pZAN2) 3) JR502 (pZAN4) 
S: succinate G: glucose 






The pH value of the broth before fermentation was 7，the pH value 
changed to 4.57, 4.72 and 4.67 at the end of fermentation of JR502, JR502 
(pUC19) and JR502 (pZAN2). The pH value of the broth after fermentation of 
JR502 (pZAN4) was 5.14. The higher pH value of JR502(pZAN4) denoted for 
less amount of acids in the broth. The pH value was coincident with the HPLC 
analysis of fermentative end products which showed that there was a large amount 
of ethanol but the production of acids were depressed. 
T 
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2.2) Wild type S. typhimurium (LT2) 
The host produced lactate as the major fermentative end product(18mM). 
Glucose concentration changed from 55mM to 15.2mM at the end of 
fermentation. The pH value of medium was 4.67 after growth. Ethanol in the 
medium was 6mM while acetaldehyde was too low to be detected. 
LT2 (pZAN2) fermented 42mM glucose, the major fermentative end 
product was lactate (17.3mM). No significant amount of acetaldehyde was found 
in the medium, although the cells harbouring the enzyme pyruvate decarboxylase. 
Ethanol was detected at 20 mM. Ethanol concentration produced by LT2 
(pZAN2) was higher than LT2 which may due to the increase in supply of 
acetaldehyde from pyruvate as converted by pyruvate decarboxylase. The p H 
value of the broth after fermentation by LT2 (pZAN2) was 4.69. 
Transformant pZAN4 utilized 49.5 mM glucose to produce 91.6 mM 
ethanol. The conversion ratio was 92 % , Lactate was still maintained in 17 mM 
but the pH value (4.9) which was slightly higher than that of the host alone (4.67). 
Since the binding affinity of pyruvate decarboxylase was higher than that of 
pyruvate formate lyase(Bringer-Meyer et al 1986) and the binding affinity of 
ADHII of Z. mobilis was very high towards acetaldehyde, so once acetaldehyde 
was synthesized from pyruvate, it would be converted to ethanol. The 
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Figure 11. High performance liquid chromatogram of organic 
acids produced in : 
1) LT2 2) LT2 (pZAN2) 3) LT2 (pZAN4) 
S: succinate G: glucose 
L: lactate LB: complex medium 
A: acetate 
Ad: acetaldehyde 
E: ethanol 57 
Table 4. Fermentative end products of LT2 and 
plasmid-harbouring LT2. 
acetate lactate. (mM) succinate ethanol 
(mM) (mM) (mM) 
LT2 7.4 18.5 2.2 6.1 
LT2 (pZAN2) 13.2 17.3 2.3 20.2 
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Figure 12. High performance liquid chromatogram of organic 
acids produced in : 
1) HSK1124 
2) HSK1124 (pZAN2) 
3) HSK1124 (pZAN4) 
S: succinate G: glucose 





2.3) pfl defective mutant HSK1124 
HSK1124 possessed the genotype of pflR::TnlO, AoxrA, trp::Tn5. The host 
did not produce lactate under anaerobic condition, instead succinate (4.7mM), 
acetate (26.6mM), and ethanol(14.8mM) were produced after fermentation of 
glucose at 220 mM initially. Acetate was the major fermentative end product. 
In the presence of PDC, ethanol 
were the major fcnnciitativc end product 
(16.6 mM), acetate was depressed to 12 mM. If PDC and ADfflT of Z mobilis 
were present simultaneously, the production of acetate was further repressed, but 
ethanol production was not as high as that of pZAN2 only, the concentration of 
ethanol was merely 14.5 mM. The lower ethanol production than that of wild type 
and JR502 might due to that less pyruvate was produced form glucose under 
anaerobic condition, with less substrate, little ethanol could be produced. The 
fermentative end products of HSK1124 and transformants were summarized in the 
Table 5. 
Table 5. Fermentative end products of HSK1124 and 
plasmid-harbouring HSK1124. 
Acetate Lactate Succinate Ethanol 
(mM) (mM) (mM) (mM) 
HSK1124 26.6 4.7 14.8 
HSK1124 12.0 ——- 4.3 16.6 
pZAN2 




3) Growth of hosts and transformants 
Wild type S. typhimurium grew very fast anaerobically in LB medium 
supplemented with 1 % glucose. The generation time of LT2 in this medium was 
37 min. while the plasmid harbouring LT2(pZAN2) and LT2(pZAN4) was 35.3 
and 33.4 min. respectively. The growth of LT2 was improved in the presence of 
PDC or PDC and ADHII enzymes, this may due to the regeneration of NAD+ 
by PDC and ADHII helped to balance the reducing power. Since PDC consumes 
one molecule of NADH and ADHII consumes two molecules of NADH, the 
regeneration of NAD
 +
 was fastest in ET2 (pZAN4)，so the generation time of this 
strain was the shortest. However, all three strains of bacteria reached stationary 
phase after four hours of incubation (Figure 13). 
Similar growth pattern was observed in the intermediate host JR502. The 
generation time of JR502 was 76.2 min. while that of JR502 (pZAN2) and JR502 
(pZAN4) were 64.6 min. and 67.1 min., respectively. In the presence of PDC or 
PDC and ADHII, the generation time was shortened. It was suggested that PDC 
and ADHII helped to regenerate NAD
+
 thus improved the growth of JR502. The 
cultures attained stationary phase after incubation for 8 hour (Figure 14). 
The generation time of the pflR mutant HSK1124 was 60 min. in LB 
medium supplemented with 1 % glucose and 12.5 ]ig per ml of tetracycline. The 
generation time of transformant HSK1124(pZAN2) and HSK1124 (pZAN4) were 
58 min. and 56 min. respectively. Again, the presence of PDC and ADHH 
improved the growth of the host (Figure 15). 
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Figure 13. Growth curve of LT2 and plasmid-harbouring LT2 
in anaerobic LB medium + 2.5 % Glucose. 
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Figure 14. Growth curve of JR502 and plasmid-harbouring' 
JR502 in anaerobic LB medium + 2.5 % Glucose. 
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Figure 15. Growth curve of HSK1124 and plasmid-harbouring^ 
HSK1124 in anaerobic LB medium + 2.5 % Glucose. 
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4) Ethanol tolerance of S. typhimurium species 
All three species of S. typhimurium dropped in cell density when the 
ethanol concentration increased to 8 % . LT2 resisted to the decrease in cell 
density until the ethanol concentration was higher than 5 %(v/v). As the ethanol 
concentration reached 5 %, LT2 retained a cell density of optical density of 0.903. 
A significant decrease of cell density when the ethanol concentration was 6 % 
(OD6 0 0 = 0.3) and the optical density- remained at the- basal level whexr the 
concentration of ethanol reached 7%. 
JR502 showed an optical density of higher than 1.0 when the concentration 
of ethanol was below 3 % (v/v). The cell density decreased significantly as grown 
in 4 % ethanol. Double decrease in cell density was observed for every 1 % 
ethanol increase. No growth was found when the concentration of ethanol reached 
8 % (v/v). 
、 % “ ^ • - . . . . ,,, 
The optical density of HSK1124 in the medium containing less than 5 % 
ethanol was over 1.0. However, a sudden drop in the cell density when the 
ethanol concentration increased to 6 % (v/v) and the absorbance remained in a 
basal level. So this bacterium died rapidly when a critical concentration of ethanol 
(5% v/v) was added instead of a gradual decrease in other two species of S. 
typhimurium. The difference in ethanol tolerance may due to the difference in 
membrane components of these three species of bacteria (Figure 16). 
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Figure 16. Ethanol tolerance of Salmonella typhimurium 
strains. 、 
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5) Maintenance of plasmids 
The maintenance of plasmids were expressed in terms of percentage of 
antibiotic resistant cells to total viable cells. pZAN2 was retained stably in JR502 
at 100 % in the first 9 hour of incubation. The maintenance decreased to 78% 
after incubation for 10 hour and this plasmid w^s stably maintained up to 48 
hours. Plasmid pZAN4 was retained in JR502 stably at a level of 100 % even 
after 24 hours of incubation. The plasmid maintenance decreased to 80% at 48 
hours of incubation. Plasmid pUC19 was maintained inside JR502 a t 100 % 
before 9 hours of incubation, the percentage of antibiotic resistant cells decreased 
to 85 % after 9 hours of incubation. 
Plasmid pZAN2 and pZAN4 could be inherited stably in LT2. pZAN2 was 
retained at 100 % level up to 24 hours of incubation, the maintenance dropped 
to 83 % afterwards. pZAN4 was retained in LT2 at 100 % level up to 36 hours. 
The percentage decreased to 85 % after 36 hour of incubation. 
HSK1124 harboured pZAN2 at 100 % level up to 36 hours of incubation, 
the percentage dropped to 80 % afterwards. pZAN4 was retained at 100 % level 
up to 36 hours of incubation and the percentage of antibiotic resistant cells 
dropped to 80 % afterwards. The maintenance of plasmids in 3 strains of S. 
typhimurium was shown in Figure 17. 
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Figure 17. Plasmid maintenance of Salmonella typhimurium 
strains. 
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6) Construction of broad-host-range plasmid harbouring Z. mobilis genes. 
pZAN4 was first digested with EcoR I completely and then digested with 
Hind III partially by adding limited amount of Hind IH( Figure 22). A DNA 
fragment of 4 Kb was regenerated by Geneclean. The vector was digest 
completely by EcoR and Hind III, a 10 kb DNA fragment was electroeluted and 
then ligated with the 4 kb fragment isolated previously. However, no colony 
formed after spreading onto LB ampicllin plate. This may due to the large size 
of pHKZ2 so that the transformation efficiency was low. The construction scheme 
of plasmid pHKZ2 was illustrated in Figure 18. 
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stuction of plasmid pHKZ2. pZAN4 was cut 
^rst with EcoR I completely and followed by partial 
d l g
f =
 0 丄 _ 瓜 PKT240 was digested by ^ R I 
and Hind m completely before ligation. 
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Figure 19. Eiectrophoretic diagram, of cut pZAN4 
Lane 1: EcoR I 4- partial Mnd m 
2: EcoR I complete cut 
3: \Hind HI 
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D) Discussions 
1) Comparison of ethanol production in Escherichia coli and 
Salmonella typhimurium. 
In this study, Zymomonas mobilis genes pdc zx\.6. adhB were transformed 
into S. typhimurium strains. The ethanol production from 55 mM glucose was 128 
mM in JR502 (pZAN4) which .exceeded
1
 the theoretical limit. However, LT2 with 
the same plasmid could not produce such a high level of ethanol. The fast growth 
rate of LT2 might shift most nutrients to synthesize building block of the cell, 
little was used to produce ethanol. In JR502, slower growth rate might have 
relieved the burden to produce metabolic building block such that the production 
of more ethanol was allowed. HSK1124 did not increase the production of ethanol 
even in the presence of pdc and adhB gene. The host was defective in anaerobic 
catabolism, no lactate was produced, perhaps little glucose was converted to 
pyruvate because of end product feed back inhibition. 
Plasmids pZAN2 and pZAN4 were transformed into Escherichia coli 
JM101 and MC1061. It was found that when E. coli were grown in LB medium 
supplemented with 4 % glucose anaerobically, the presence of PDC increased the 
production of ethanol from 29.4 mM to 144 mM in MC1061. PDC in JM101 also 
increased the ethanol production from 34.5 mM to 77.3 mM. Compared with 
pZAN2 in S. typhimurium which showed a basal level of ethanol production, E. 
coli showed a higher ethanol production level which might due to the higher 
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binding affinity of endogenous alcohol dehydrogenase towards acetaidehyde. The 
combination of PDC and ADHII caused a high ethanol production. The ethanol 
concentration of medium was detected as high as 105 mM in JM101 while that 
of MC1061 was 216 mM. However, the conversion ratio of glucose to ethanol was 
merely 35 % in JM101 and 98 % in MC1061. 
The conversion ratio of ethanol in S. typhimurium JR502 was higher than 
100%，but pdc and adhB genes were maintained on the plasmid, so these genes 
might be lost during segregation (as shown in the.plasmid maintenance study). 
Integration of these genes into chromosome was recently achieved in E. coli 
JM101 (Ohta et al” 1991)，the ethanol conversion ratio exceeded the theoretical 
limit of 100 %, so similar approach could be applied to S. typhimurium so that a 
stable inheritance oipdc and adhB genes could be obtained and an even, higher 
level of ethanol production might be expected. 
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2) Ethanol tolerance of S. typhimurium strains. 
Most bacteria exhibit a dose-dependant inhibition of growth over the range 
from 1 % to 10 % (v/v) ethanol and few grow at concentration above 10 % 
(Uchida and Mogi, 1973). High concentration of alcohols solubilize lipids and 
denature proteins leading to membrane destruction. Lower concentrations of 
alcohols have been shown to increase the rate of leakage of small molecules in 
model membrane systems and in native-membranes. Increased leakage of ions 
and metabolites may be responsible for the decreased rate of growth in the 
presence of many alcohols (Ingram and Buttke, 1984). 
All three species of S. typhimurium showed a significant decrease in cell 
density when the ethanol concentration was 8 % (v/v). Ethanol tolerance of LT2 
was the best among the three strains of S. typhimurium tested in this study. O-D.^ 
of LT2 still persisted at 1.0 when the ethanol concentration was 5 %. Since 
normal fermentation process in yeast could produce 5 % ethanol after primary 
fermentation, so S. typhimurium possesses the potential to substitute yeast and 
acts as an ethanol producing strain for large scale ethanol production. 
When comparing S. typhimurium LT2 with E. coli JM101 and MC1061, 
LT2 tolerated to 5 % ethanol without a significant decrease in final cell density. 
E. coli JM101 reached an optical density of 0.3 at 5 % ethanol level and MC1061 
did not grow at the same level of ethanol concentration. So the ethanol tolerance 
of wild type S. typhimurium was better than that of E. coll Ethanol tolerance of 
S. typhimurium and jE". coliJMlOl and E. coli MC1061 was shown in Figure 20. 
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Figure 20. Ethanol tolerance of Salmonella typhimurium and 
Escherichia coli. 
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3) Maintenance of plasmids 
The maintenance of pZAN4 in all three strains of S. typhimurium were 
similar. This plasmid was maintained at 100 % level up to 24 hours of incubation, 
such a high level of maintenance indicating segregational instability favoured the 
expression of genes on the plasmid. All three strains of 5. typhimurium decreased 
in maintenance to around 85 % after 24 hours of incubation, the majority of the 
culture was still plasmid bearing thus provided maximal production of desired 
gene products. 
pZAN2 was lost at an earlier stage in JR502 than in LT2 which in turn 
earlier than in HSK1124. 78 % of JR502 could maintained the plasmid after 9 
hours of incubation, LT2 dropped the maintenance to 83 % at 24 hours and 
HSK1124 retained the plasmid at 100 % up to 24 hours. The difference in 
plasmid maintenance might due to the selection of the gene products of pZAN2 
to anaerobic growth in different strains. pZAN2 helped HSK1124 to regenerate 
NAD. so that anaerobic growth could be enhanced such that HSK1124 had to 
retained PZAN2 for the longer of time. The other two strains of S. typhimurium 
could regenerate reducing power by enzymes other than PDC, so pdc became an 
accessory gene which could be lost without much deleterious effect. 
As toE. coli JM101, PUC19 was lost to 82 % after incubation for 10 hours. 
The maintenance of plasmid pZAN2, however,
1
 did not decrease until after 12 
hour of incubation and then level off at 81 pZAN4 was retained at 100 % up 
to 24 hours, at 36 hours of incubation, pZAN4 was lost to 86%. 
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The maintenance of pZAN2 in E. coli was longer than that in S. 
typhimurium JR502 but was shorter than that of HSK1124. The patterns of 
maintenance in E. coli and S. typhimurium LT2 was roughly the same. The 
maintenance of pZAN4 was similar in£. coli and S. typhimurium. All four strains 
showed a 100 % maintenance up to 24 hours of incubation, but the percentage 
dropped to around 85 % after 36 hours of incubation. 
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4) Construction of broad-host-range plasmid that contained Z mobilis genes 
The broad-host-range plasmid pKT240 possessed the origin of replication 
of the broad-host-range plasmid RSF1010. RSF1010 can replicate inside many 
Gram negative bacteria such as: Escherichia coli, Pseudomonas aeruginosa, 
Pseudomonas putidc^ ^igrobacterium tumefaciens，AzotobactervinelanditAlcaligenes 
eutrophus, Alcaligenes faecalis, Acetobacter xylinum, Methylophilus methylotrophus, 
Rodopseudomonas spheroides’ Rhizobium spp. Caulobacter rescentus，Yersinia 
enterocolitica, Klebsiella aerogenes,. Serratia marcescens, Xanthomonas campestris 
Gluconobacter sp. (Bagdasarian et al” 1981). If foreign genes of interest were 
ligated into pKT240, the expression of these foreign genes in different bacteria, 
no matter terrestrial or marine, can be ensured provided that a transformation 
system has been developed. The rationale of this study was that if pdc and adhB 
gene of Z mobilis were ligated into pKT240 and the recombinant plasmid was 
transformed into both marine and terrestrial enteric bacteria, then a shuttle 
vector for ethanol production genes was constructed and a better understanding 
of fermentation in marine systems could be known. Unfortunately, the subcloning 
of pdc-adhB into pKT240 were unsuccessful. 
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Part II) Ethanol Production in marine enteric bacteria 
A) Introduction 
* ‘、 
The anaerobic fermentation in marine Vibrio remained obscure. This study 
tried to explore the anaerobic fermentation in marine vibrio. A marine Vibrio, V. 
sp. strain 60 was isolated and gene transfer systems were developed (Ichige et aly 
1989). This bacterium produced mixed acids under anaerobic fermentation. No 
detailed identification processes were conducted, for .this strain. In this study, 
routine identification processes were performed. DNA based method,_Arbitrarily-
primed Polymerase Chain Reaction supported the results of the routine 
identification study. 
If ethanol production by marine bacteria was conducted using sea-water 
as basis, the bacteria should be osmotolerant. The salt concentration of sea water 
is 0.9 M, salt tolerance level of K sp. strain 60 was studied. Ethanol induces 
leakage of cell membrane (Ingram and Buttke, 1984), ethanol tolerance level was 
studied such that the potential of V. sp, strain 60 being used in sea-water based 
fermentation could be assessed. 
Isolation of a large broad-host-range plasmid from V. sp strain 60 was 
performed. This plasmid could be used as a shuttle vector in Enterobacteriaceae 
and Pseudomonas. Transformation system of strain 60 was developed, many 
plasmids could not be transformed into strain 60, this may due to 1) 
incompatibility of origin of replication of the plasmids with the host, 2) restriction 
and modification systems of V. sp. strain 60. 
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B) Materials and Methods 
1) Bacterial strains and plasmids 
Vibrio sp. strain 60 was supplied by Dr. Ichige, A. (Ichige et a/” 1989). 
This bacterium possessed a genotype of his-605 and rif-605. A high molecular 
weight plasmid, pIOl, was used which was a tetracycline sensitive derivative of 
broad-host-range plasmid RP4, The phenotypic marker ofpIOl were carbenicillin 
resistance and kanamycin resistance. The size of this plasmid was 64 kb. 
2) Media 
Vibrio sp. strain 60 was routinely grown in P broth or P agar or marine 
broth (Difco. Detroit), P broth contained 1 % bactopeptone, 0.5 % yeast extract 
and 2 % NaCl. P agar was P broth which supplemented with 1.6% agar. 
Antibiotics were used at the following final concentrations ( micrograms 
per millilitre). Carbenicillin, 250; kanamycin, 100; tetracycline, 2.5 and 
streptomycin, 500. 
3) Solutions 
The solutions used were identical with those used in Part I. 
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4) Routine Identification Processes 
The tests for routine identification of sp. strain 60 were tabulated 
as follows: 
T a b l e 6) Routine Identification Processes(Norris and Ribbons, 1985; Krieg and 
Holt, 1984) 
— r 
T e s t s Media and methods 
—
 : 
Gram stain Standard Gram staining method. 
一 . Cell size was measured by ocular 
Cell size ^ 
micrometer. 
P i g mentat ion Pigmentation o f c o l o n y was observed after 
growth on P agar plate. 
Motility and sulphide 餘 W 一 SIM a g 一 彻 
production ( b r u s h ^ growth or turbidity away from 
the line of inoculation. Any blackening 
along the line of inoculation is considered 
as a positive sulphide production. 
Starch hydrolysis Cells were streaked on LB agar 
supplemented w i t h 0.2 % soluble starch, 
clear zone surrounding the colonies after 




Bromo-cresol purple milk Cells were streaked onto Bromo-cresol 
agar hydrolysis purple milk agar plate, a clear zone around 
the colonies revealed a positive BCP milk 
agar hydrolysis test. 
EMB agar Only those bacteria using lactose for growth 
can grow on EMB agar plate. Metallic 
lustre on colonies revealed Escherichia coli. 
The medium contained the dyes Eosine 
Yellow (0.04%) and methylene blue 
( (0.0065%). 
Gelatin hydrolysis Gelation agar plate was made by LB agar 
plated supplemented with 3 % gelatin. Cells 
were streaked on gelatin agar plate for 36 
hr. The palates were then flooded with 
saturated ammonium sulphate, a halo 
around the colonies implied positive 
gelatinase production. 
Citrate Utilization Cells were inoculated in citrate medium for 
36 hr. Tubes showing marked turbidity may 
be assumed to contain citrate utilizing 
organism. Citrate medium is consisted of 
per liter: i) 1.5 g sodium ammonium 
phosphate, ii) 1 g monopotassium 
phosphate, iii) 0.2 g magnesium sulfate, and 
iv) 3 g sodium citrate. 
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Indole production 0.2 to 0.3 ml Kovac，s reagent was added to 
5 ml of a 24 hr. culture in 1 % tryptone 
broth. A dark red color in the surface layer 
constitutes a positive result, the original 
yellow color of the solution is a negative 
, result. 
Fermentation of sugars Fermentation was shown by color change 
from purple to yellow and gas collected in 
inverted Durham tube, no change of the 
medium color and no gas collected implied 
a negative result. The broth base contained 
per litre 1 g Bacto-Beef extract, 10 g 
proteose peptone, 5 g sodium chloride and 
0.02 g Bacto-Bromo-cresol purple. Carbon 
source such as glucose, mannitol, sucrose, 
lactose, xylose, arabinose or maltose was 
added to 5 g. 
Nitrate formation Cells were cultivated in nitrate broth for 48 
hr. Three drops of sulphanilic acid and 
three drops of di-methyl-a-naphthylamine 
solution were added. A deep red color 
indicated nitrate formation. 
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Methyl Red test Cells were inoculated in 0.7 % buffered 
peptone, 0.5 % dipotassium phosphate 
broth for 48 hr. One ml of the resulting 
culture was transferred to a clean small test 
tube. Several drops of potassium hydroxide 
were added. A cherry red color developed 
in that part of medium exposed to air 
implied positive methyl red result. No color 
change of medium meant a negative result. 
Litmus milk reaction Litmus milk medium is consisted of 10 % 
Bacto-skim milk and 0.075 % Bacto-litmus. 
The addition of the dye azolitmin to the 
milk provided an acid indicator as well as a 
reduction indicator. The reaction types 
included i) Lactose fermentation, ii) 
proteolysis, iii) ropiness and iv) rennet 
coagulation. Observation was made after 
incubation for 48 hr. 
Catalase production Fresh cells was spread into a droplet of 3 % 
hydrogen peroxide solution, bubbles 
formation revealed positive catalase 
reaction ‘ 
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Oxidase production Colonies were streaked onto a filter paper, 
toluene was flushed onto the cell, lysed cells 
were then added with freshly prepared 1 % 
N, N, N，,N’，-tetramethyl-p-
phenylenediamine dihydrochloride, purple 
color formation revealed positive oxidase 
reaction, no purple color or pale yellow 
implied a negative result. 
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5) Strain identification of Vibrio sp. strain 60 using Arbitrarily-primed 
Polymerase Chain (AP-PCR) Reaction 
5.1) Vibrio Strains 
Vibrio sp. strain 60 was obtained from Ichige, A., V. anguillanm ATCC 
19264 and ATCC 14181 were purchased from U. S. V. parahaemolyticus and V. 
cholerae were provided by Queen Elizabeth Hospital. V. paraphaemoJyticus CC4, 
SD4, S1-7,V:49, V.fluvillis, V, splendidus SD-2, V. campheilii CB1-4, V. mlhifecus 
SW3 an V. a l g i r w l y t i c i d S wexQ isolated in Tolo Harbour by Mr. K. W. Lo. 
5.2) DNA preparation 
Chromosomal DNA of the bacteria was isolated according to a standard 
protocol ( Ausubel, F.M. et al 1988). The preparation started with 50 ml culture 
and the DNA precipitated was suspended in 0.15 ml TE buffer. 
5.3) Primer 
M13 sequencing primer (24mer) or M13 reverse sequencing primer ( from 
BioLabs，New England) were used. The sequence of the M13 sequencing primer 
was5，d(CGCCAGGGnTTCCCAGTCACGAC)3，. The sequence ofM13 reverse 
sequencing primer was 5，d(AGCGGATAACAAHTCACACAGGA)3，. 
5.4) DNA amplification by AP-PCR 
10 jd reaction mixtures were prepared using 0.025 U Taq polymerase and 
lx buffer (Stratagene) and were adjusted to 4 mM MgCl2,0.2 mM of each dNTP, 
25 ng of template and 10 ptM primer DNA. The reaction mixture was overlaid 
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with oil and cycled through the following temperature profile: 94 °C for 5 min. for 
denaturation, 35°C for 5 min. for low stringency annealing of primer and 72°C for 
5 min. for extension for two cycles. This temperature profile was followed by ten 
high stringency cycles: 94°C for 1 min. 50。C for 1 min. and 72°C for 2 min. for 10 
cycles. At the end of this reaction, 50 /xl solution containing 4.5U polymerase 
in lx buffer, 0.2 mM dNTPs was added and 30 to 40 rounds of normal cycles was 
performed. The profile of a normal cycle was 94°C for 30 seconds for 
denaturation, 50°C for 1 min. for annealing of primers and 72°C for 90 seconds 
for extension. The PCR products were revealed by running 3 % agarose gel 
electrophoresis. 
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6) Optimal Growth conditions. 
Optimal salt concentration, temperature, pH value and substrate for growth 
of Vibrio sp. strain 60 were investigated. Growth of cells was monitored by 
measuring turbidity of broth at OD^. 
Overnight culture of Vibrio sp： strain 60 was inoculated at 1 % volume into 
LB medium supplemented with salt concentration from 1% to 3% NaCl so as to 
check the optimal salt concentration for the growth of this bacterium. 
1 % inoculum was added into LB medium supplemented with 2 % NaCl, 
growth was measured at 30°C, 37°C, 42°C and 45°C. The best temperature allowed 
the fastest growth rate. 
The utilization of substrate by Vibrio sp. strain 60 was studied. 
Bactotryptone was replaced by Bactopeptone in medium, without changing other 
components. The shorter the generation time was, the faster the growth rate was. 
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7) Isolation of high molecular weight plasmid (pIOl) 
pIOl which was a derivative plasmid of broad-host-range plasmid RP4 
possessed a size of 64 kb. Since there was not a satisfactory large plasmid 
isolation system developed in marine Vibrio, so Vibrio sp. strain 60 was conjugated 
with Escherichia coli BBlOl. Transconjugant were selected on EMB agar plate 
supplemented with kanamycin and carbenicillin. Colonies showing metallic lustre 
and were kanamycin and carbenicillin resistant strain might be positive clone. 
Plasmid pIOl was isolated according to a standard protocol for E. coli 
mentioned in Part I. Plasmid was confirmed by Smal digestion followed by 0.3 % 
agarose gel electrophoresis. 
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8) Transformation of plasmid into Vibrio sp. strain 60 
Transformation either by electroporation or by heat shock method was 
conducted. In heat shock study, the resuspending solutions were: 1) pure water, 
2) 0.1M Calcium chloride, 3) 0.1M magnesium chloride, 4) transformation buffer 
(Hanahan , 1985) and 5) frozen storage buffer ( Hanahan, 1985). In 
electroporation, V. sp. strain 60 wild type was grown in marine broth up to log 
phase, the cells were washed once with 0.9 % NaCl solution, once with 0.3 % 
NaCl solution after harvest, the final volume was reduced 100-fold and the cells 
were resuspended in different suspension solutions to optimize the electroporation 
process. The suspension solutions included: 1) 0.272 M sucrose, 15 % glycerol and 
7 mM sodium phosphate，2) 300 mM. sucrose, 7 mM sodium phosphate, 1 mM 
MgCl2, 3) 10-100 mM NaCl plus 20 % glycerol and 4) water plus 20 % glycerol. 
100 ng plasmid DNA was mixed with the electrocompetent cells. The plasmids 
used were: i) pUC19 (Yenish-Perron et al 1985), ii) pKT230 (Bagdasarian, et al. 
1981), iii) pKT240 (Bagdasarian, et al 1983), iv) pRK290 (Ditta er al 1980) and 
v) pIOl (Tchige et al. 1989), The mixture was then subjected to an exponential 
electric pulse from 3.25 kV/cm to 12.5 kV/cm. The resistance was set at 1000 
ohms, the capacitor was set at 25 ^F. After each electric pulse, cells were 
incubated in LB 200 mM NaCl medium at 30°C for 1 hour before spreading onto 
agar plate supplemented with appropriate antibiotics. 
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9) Production of ethanol using different carbon sources. 
Overnight culture of Vibrio sp. strain 60 wild type was grown in LB 
medium supplement with 200 mM NaCl. 1 % inoculum was added into a fresh LB 
200 mM NaCl medium supplemented with 50 mM carbon source in screw cap 
tube. The cells were incubated for 48 hr, at 30°C before subjected to HPLC 
analysis of fermentative end products. The carbon source used were:i) arabinose, 
ii) citrate, iii) fructose, iv) glucose, v) galactose, vi) lactose, vii) maltose, viii) 
mannitol, xi) mannose, x) sorbitol, xi) sucrose. 
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Results 
1) Identification of Vibrio sp. strain 60 
1.1) Routine identification of Vibrio sp. strain 60 、 
Vibrio sp. strain 60 was isolated from samples of marine water in Japan. 
Preliminary identification of V. sp strain 60 were carried out which including the 
parameters such as: 1) growth in sodium chloride, 2) acid production from 
arabinose and sucrose, 3) positive Voges-Proskauer reaction, 4) 
haemagglutininating unit and 5) haemolytic unit (Oishi et al, 1979). More 
identification tests were carried out in this study which included 1) Gram stain, 
2) starch hydrolysis, 3) Bromocresol purple milk hydrolysis, 4) nitrate reduction, 
5) gelatin hydrolysis, 6) sulphide production, 7) indole production, 8) fermentation 
of sugars, 9) methyl red reaction, 10) litmus milk reaction, 11) catalase reaction 
and 12) oxidase reaction. These tests were carried out so that V. sp strain 60 
could be identified according to Berge/s mannal(Krieg and Holt, 1984). Vibrio 
anguillarum ATCC 19264 and ATCC 14281 were used as control in all tests. The 、 
results of the tests were summarized in Table 7. 
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Table 7. Results of routine identification processes of Vibrio 
sp. strain 60. Control: V. anguillarum ATCC 19264 
and ATCC 14281. 
Strains tests V. anguillarum V.anguillarum 7. sp. strain 60 
ATCC 19264 ATCC 14281 
Gram stain negative negative negative 
Cell size 0.5x2/mi 0.6x2ptm 0.5x2.5/aiii 
Pigmentation milky yellow milky yellow milky yellow 
Starch hydrolysis + + + .+ + + + 
Bromocresol + + + + + + + + 
purple milk agar 
Eosin Methylene No growth No growth No growth 
Blue agar 
Nitrate reduction + + + + + 
Bromocresol alkaline curd alkaline curd alkaline curd 
purple milk broth 
Gelatin hydrolysis + + + 广 
SIM agar surface growth surface growth surface growth 
Citrate + + + 
Methyl red - - -
Indole production - - -
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Litmus milk Reduction curd Reduction curd Reduction curd 
Catalase + + + 
Oxidase + + + 
Fermentation of 
sugars 
Arabinose Acid no gas Acid no gas Acid no gas 
Glucose Acid no gas Acid no gas Acid no gas 
Lactose - -
Maltose - - : 
Mannitol - - -
Sucrose Acid no gas Acid no gas Acid no gas 
Xylose _ 、 -
T ab l e 7 ( c o n t ' d ) 
/ 
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Among the tests, there were differences in the rate of reaction, despite of 
these minor differences, three species possessed same characteristics in all tests. 
K cmguillarum ATCC 19264 hydrolysed starch at the fastest rate while K sp. 
strain 60 was the slowest starch hydrolysing strain. The growth of V. cmguillarum 
ATCC 19264 and 14281 on SIM agar occurred mainly on surface while V. sp. 
strain 60 occurred both at surface and inferior of SIM agar. The red color 
developed deeper in V. anguillarum ATCC19264 and 14281 than in K sp, strain 
60，so ATCC 19264 and 14281 reduced nitrate to larger extent did than V. sp. 
strain 60. 
Based on the results of these test, V. sp. strain 60 was suggested as V. 
anguillarum according to the routine identification key in Berge/s manual, the 
similarity in most tests of V. sp. strain 60 with other two strains of V, anguillarum 
support the evidence that V. sp. strain 60 might be K cmguillarum. 
/ 
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1.2) Strain identification by Arbitrarily Primed Polymerase Chain Reaction(AP-
PCR) 
In this study, chromosomes were prepared in small scale from V. 
anguillarum ATCC19264, ATCC14281, V. alginolyticus, K parahaemofyticus, K 
splendidus and V. vulnificus. The electrophoretic diagram of chromosomes of the 
species of Vibrio were shown in Figure 22, 
After 2 cycles of low stringency of amplification with low Taq: DNA 
polymerase concentrated, the reaction mixture were subjected to 10 cycles of94°C 
for 1 min., then 50。C for 1 min. and 72。C for 2 min. The final reaction mixture 
was added with normal amount ol Taq DNA polymerase and subjected to 30 to 
40 normal cycles of amplification. The AP-PCR products were revealed in 3 % 
agarose gel electrophoresis, the fingerprints were shown in Figure 23 and Figure 
24. 
V. anguillarum A1CC 19264 and ATCC 14281 showed similar pattern with 
V. sp. strain 60. The fingerprints of 3 species matched even in other independent 
\ 
studies. Major bands were observed with homology up to 75 % among these three 
stains. Minor band differences implied that they are distinctively different strains. 
Other genus of Vibrio showed a totally different fingerprint pattern in all trials. 
So AP-PCR supported the evidence that V. sp. strain 60 was V. anguillarum. 
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Figure 21. Schematic diagram of Arbitrarily-primed 
Polymerase Chain Reaction (AP-PCR). 
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Figure 22. Electrophoretic d i a g r a m of chromosomal DNA of 、 
Vibrio species. 
Lane 1: K vu_cus  5广„〜‘ 
2; 7. splendidus ^ V. alginolyticus 
3: V. parahemolyticus (QE Hospital) 




Figure 23. Fingerprint of AP-PCR using M13 sequencing 
primer (24mer). ‘ ° 
Lane 1: XBstE E 
2: Vibrio anguillarum ATCC 19264 
3: V. anguillarum ATCC 142S1 
4: V. sp. strain 60 
5: V. alginolyticus 
6: V. fluvialis 
7: V, parahemolyticus 
8: V. parahemolyticus^ from Queen EHzabeth Hospital) 
9: V. splendidus 
10: V： 
vulnificus 
11: pBR322 Mspl marker 
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Figure 24. Fingerprint of AF-PCR using M13 reverse 
sequencing primer (24mer). 
Lane 1: \BstB JL 
2: Vibrio anguillarum ATCC 19264 
3: V. anguillarum ATCC 14281 T 
4: V. sp. strain 60 
5: V. alginolyticus 
6: V. fluvialis 
7: V. parahemolyticus 
8: V. parahemolyticus、from Queen Elizabeth Hospital) 
9: V. splendidus  K 
10: V. vulnificus 
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2) Optimal Growth conditions 
Wild type V. sp. strain 60 was grown in different media of different 
substrates, different salt concentration, different temperature and pH value. One 
percent (v/v) overnight culture of V. sp. strain 60 was added to the media and 
the growth was measured as optical density at time intervals. The shortest 
generation time corresponded to the fastest growth rate. 
Among the salt concentration range of 1 % (w/v) to 3 %, the generation 
time of V. sp. strain 60 was the shortest at 2 % sodium chloride. No growth was 
observed when tbe salt was omitted. So all media used to grow V. sp. strain 60 in 
this study contained 2 % (w/v) sodium chloride. 
The growth curves of K sp. strain 60 in different media were shown in 
Figure 25 and Figure 26. The generation times of V. sp. strain 60 in different 
media and temperature were summarized in Table 8. 
Generally, a shorter generation time was found when V. sp. strain 60 was 
grown in P medium indicating that Bacto-peptone was a better substrate to this 
bacterium than Bacto-tryptone. The fact that Bacto-peptone contained 14 % total 
nitrogen but Bacto-tryptone contained only 12.7 % total nitrogen might contribute 
to the difference in growth rate. The optimal pH range was 6 to 8. So in order to 
grow V. sp. strain 60 under optimal condition》the optimal medium was 2 % 
sodium chloride, pH 6 to pH 8，P medium ( 10 % Bacto-peptone, 5 % yeast 
extract) and 42 °C. 
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Figure 25. Growth of Vibrio sp. strain 60 in P + 2 % NaCl 
media. 
A) 30°C B) 37°C C) 42°C 
. _ • 'X • ‘ ' . • 
102 
一 —条 
1.000- ^ h f ^ 
。 1 z , 
§ 0.100. ^ 8 - ^ 。 Z O — OLB(pH5.5) 
〜 u ^ • —•LB(pHS) 
^ ^ ^ O - ^
 A 一^ LB(pH7) 




0 . 0 1 0 + . 1 . 1 1 ！ , , , , , “ 
0 1 2 3 4- 5 6 7 8 9 10 11 12 
TlME(hr) 
1 B J^X o—OL日（PH5.5) 
o ^^ O #一#LB (pH6) 
0.100- 厶一厶L日(pH7) 
A —ALB (pH8) 
^ ^ ^ •—DLB (pH9) 
0.025 T- , , , , , , , 
0 1 2 3 4 5 6 7 8 
i Time (hr) 
1厕- ^^^^^ 
0.500 • A x 
• u 0——OLBpH5 
8 •LBpHS 舌 ° ' 2 0 °- C A y V 厶一厶LB pH 7 




- • 一 口 琴 9 
0.050 • ^ ^ ^ 
^ … 4 ^ " 。 一 。 — 。 — o — 。 一 。 — — o — — o ~ ~ - o 
0 1 2 3 4 5 6 7 y 
Time (hr) 
Figure 26. Growth of Vibrio sp, strain 60 in LB + 2 % NaCl 
media. 
A) 30°C B) 37°G C) 42°C 
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Generation time (minutes) 
Media pH 30°C 37°C 42°C 
LB 5.0 00 00 oo 
5.5 >60 37.1 54.6 
6.0 27.9 26.8 30.9 
7.0 30.6 27.2 31.7 
8.0 31.4 30.1 28.2 
9.0 >60 >60 54.2 
P 5 oo oo oo 
6 35.1 26.9 23.3 
7 29.4 28.8 23.4 
8 36.2 31.0 23.3 
9 52.2 53.3 46.4 
^ 
Table 8. Generation time of Vibrio sp. strain 60 in 
different media. No growth was observed at 45°C. 
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3) Isolation of high molecular weight plasmid 
A broad-host-range plasmid pIOl which possessed the genetic marker of 
kanamycin resistance, carbenicillin resistance and tetracycline sensitivity was 64 
Kb in size. Since no satisfactory plasmid isolation system has yet developed for 
marine Vibrio and the plasmid isolation system in E. coli was well developed，so 
V. sp, strain 60 was first conjugated with E. coli HB101 which was kanamycin 
sensitive and carbenicillin sensitive. Transconjugants were selected by plating on 
EMB agar supplemented with kanamycin and carbenicllin. V. sp. strain 60 alone 
andE
1
, coli alone were plated also on these plates as the controls. Colonies grew 
on EMB kanamycin and carbenicillin plate and possessed metallic lustre were 
taken as positive clones. 
Large scale plasmid isolation was conducted from E. coli HB101 which 
harboured pIOl. Controlled cell lysis and polyethylene glycol precipitation was 
performed. The crude DNA was subjected to fixed angle cesium chloride density 
gradient ultracentrifugation. The DNA band was drawn and purified. The plasmid 
was digested with Srnal and then resolved by 0.3 % agarose gel electrophoresis. 
The electrophoretic diagram was illustrated in Figure 27. By summing up the sizes 
of the fragments generated, the total size of pIOl was found to be 64 Kb, which 
is the size reported (Ichige, et al 1989). 
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22.8-
6 . 7 — 
Figure 27. Electrophoretic diagram of high molecular weight 
plasmid pIOl. 
Lane 1: Uncut X DNA marker 5: Uncut pIOl 
2: Uncut pIOl 6: Sma I cut of pIOl 





4) Ethanol Production from different carbon sources. 
Overnight culture of V. sp. strain 60 was inoculated at 1 % (v/v) into P 
‘ 
medium supplemented with 2 % sodium chloride and 50 mM sugar. The culture 
was then incubated for 36 hour anaerobically. Ethanol concentration was shown 
by HPLC analysis. The sugar used were: 1) arabinose, 2) citrate, 3) fructose, 4) 
» 
galactose, 5) glucose, 6) lactose, 7) maltose, 8) mannltol, 9) mannose, 10) sorbitol 
and 11) sucrose. The amount of ethanol produced were summarized in Table 9. 
The maximal amount of ethanol was produced from mannitol (32.7mM) 
with an ethanol conversion ratio of 32.74%. The second highest ethanol producing 
substrate was fructose (26.3 mM) with the conversion ratio of 26.27 %, 
Disaccharides tested, except lactose, could generate detectable level of ethanol. 
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Sugar added (50mM) Ethanol produced form 
substrate (mM) 











Table 9. Ethanol production from 50 mM sugar in P medium by 
fermentation of V. sp. strain 60. 
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5) Ethanol tolerance of Vibrio sp. strain 60 
Overnight culture of V. sp. strain 60 was inoculated in P medium added 
with 2 % sodium chloride and different concentrations of ethanol. Optical density 
of cells were measured after 36 after of incubation in 30 °C. The trend in ethanol 
tolerance of V. sp. strain 60 was illustrated in Figure 28. 
V. sp. strain 60 resisted up to 3 % ethanol and the optical density could 
be retained to a value higher than 1.0. However, a significant fall in cell density 
was observed when the ethanol concentration was 5 %. A basal level of cell 
density was retained when the ethanol concentration was higher than 6 %. 
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Figure 28. Ethanol tolerance of Vibrio sp. strain 60. 
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6) Salt tolerance of Vibrio sp. strain 60 
Overnight culture of V. sp. strain 60, E. coli JM101 and HB101 was 
inoculated into LB medium supplemented with different concentration of sodium 
chloride. Growth was observed after 24 hour of incubation. E. coli strains were 
grown in 37 °C while V. sp. strain 60 was cultivated in 30°C. The result of salt 
tolerance was summarized in Table 10. 
Growth of E. coli in LB with 1 M sodium chloride was reduced but the 
growth of V, did not change in this concentration of sodium chloride. When 
sodium chloride was absent, V. sp. strain 60 could not grow，this implied that V. 
sp. strain 60 was microhalophilic. The growth of 仄 coli did not change even in the 
absence of sodium chloride. Oishi(1979) reported that V. sp. strain 60 could grow 
in 7% sodium chloride LB medium which was equal to 1.19 M. In this study, all 
three species investigated could not grow when the salt concentration was as high 
as 2 M. 
I l l 
LB with sodium E. coli JM101 E. coli HB101 V. sp. strain 60 
chloride (M) 
0.0， + + + + + + -
0.1 + + + + + + + 
0.5 + + + + + + + + + 
1.0 + ++ + + + 、 
2.0 - -
 ；
 .. [V. ,. I . 
3.0 - - -
4.0 - ； -
5.0 > _ -
Table 10. Salt tolerance of V. sp. strain 60 and E. coli JM101 and E. coli HB101. 
+ 十 + : fastest growth rate, + + : fast growth rate, -: no growth. 
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7) Transformation 
Before transforming plamsids into V. sp. strain 60, the range of antibiotic 
resistance was studied. Marine broth supplemented with ampicillin (10-500 
Mg/ml), kanamycin (10-500 jug/ml), carbenicillin (10-250 Mg/ml)，tetracycline (1-
12.5Mg/ml) or streptomycin (50-1000 jug/ml) were used. Growth of V. sp. strain 
60 was observed after incubation for 36 hours. 
V. sp. strain 60 was sensitive to 500 Mg/nil of streptomycin, 10 Mg/nii of 
kanamycin, 250 /xg of carbenicillin, 2.5jiig/ml of tetracycline and 500 从g/ml of 
ampicillin. So the selective media contained antibiotics of these corresponding 
concentrations, 
V. sp strain 60 burst when resuspended in pure water in heat shock 
experiment, no colonies formed when calcium chloride or magnesium chloride 
solutions were used despite of plasmid. One single colony was found in 
transforming pKT240 using TFB buffer and FSB buffer, since no plasmid was 
isolated, so the colony was assumed to form by spontaneous mutation. 
V. sp. strain 60 burst in pure water + 20 % glycerol used commonly in 
electroporation. Arcing occurred when the cells were resuspended in 0.3 % 
sodium chloride + 20 % glycerol and 0.9 % sodium chloride + 20 % glycerol 
when 100 ng of plasmid DNA was added. No colony was found on marine agar 
supplemented with antibiotics. No colony formed if the cells were resuspended in 
300 mM sucrose + 7 mM sodium phosphate. If the cells were resuspended in 272 
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Figure29. Electrophoretic diagram of pIOl isolated 
after transformation into Vibrio sp. strain 60. 
Lane 1 to 7: pIOl 
8: X Uncut marker 
9: X Mnd m marker 
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mM sucrose + 15% glycerol + 7 mM sodium phosphate, no arcing occurred in 
any voltage applied, colonies formed on P medium + Kanamycin + carbenicillin 
plate when 100 ng of pIOl was used. Plasmid isolation was conducted and the 
result was revealed in Figure 29. 
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Discussions 
1) Strain Identification by Arbitrarily-primed Polymerase Chain Reaction (AP-
PCR) 
Rapid identification and classification of bacteria is normally based on 
morphology, nutritional requirements, antibiotic resistance, isoenzyme 
comparisons, phage sensitivity (Selander et al” 1987) and more recently, DNA 
based methods，particularly polymerase chain reaction (Atlas and Bej, 1990). In 
this study, strains could be distinguished by comparing polymorphisms in genomic 
fingerprints using AP-PCR. In AP-PGR, a single primer was used, two cycles of 
DNA amplification in low stringency followed by normal cycles of high stringency 
was employed to generate different banding patterns from chromosomes of 
different bacteria. The advantages of AP-PCR are: l)no prior sequence 
information is required, 2) simple and reproducible fingerprints of complex 
genomes can be generated ( Welsh and McClelland, 1990). 
The AP-PCR fingerprints of different strains of Vibrio anguillarum revealed 
that they had common bands; only 20 % of the bands were different in migration 
rates in 3 % agarose gel electrophoresis, this implied minor genomic difference 
among same species but different strains of bacteria. The band pattern was 
determined mainly by the amplification of template DNA in the first two cycles 
of amplification under low stringency condition. If the annealing temperature was 
too high to select pairing of partially complementary base sequence, no clear 
product was formed. The annealing temperature possessed a tolerable range that 
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hardly any bands was formed if above this range. Smears will be formed which 
revealed a highly random priming if the annealing temperature is below the 
range. This method was repeated and related strains always showed similar 
• 
banding patterns. Although this is an unorthodoxical method, it was faster than 
hybridization methods by restriction fragment length polymorphism. 
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2) Isolation of High Molecular Weight Plasmid 
pIOl was a derivative plasmid of broad-host-range plasmid RP4. The host 
.. 
range of RP4 included genera of Enterobacteriaceae 3nd Pseudomonas sp. (Olsen 
and Shipley, 1973). There was not a plasmid isolation system developed for 
marine vibrio, but it was found that K sp. strain 60 was able to conjugate with 
Escherichia coli and Salmonella typhimurium (Ichige et al” 1989) and the 
megaplasmid isolation system for 五.co/f was well established which could be used 
to isolate plasmids up to 200 Kb (Hansen and Olsen，1978).. Thus p IO l was-first 
transferred form V. sp. strain 60 to E. coli HB101. Transconjugant were selected 
on EMB agar plate supplemented with kanamycin and carbenicillin. Thus only E. 
coli harbouring the plasmid pIOl could form colonies. 
The preparative method of pIOl by agarose gel electrophoresis was not 
satisfactory simply because of low recovery in electroelution, so cesium chloride 
density gradient ultracentrifagation was employed. However, the buoyant density 
of the DNA of this plasmid in the gradient was very closed to that of 
chromosomal DNA, the separation by swinging bucket formed two bands that 
were only 1 mm apart, one could hardly draw the plasmid DNA without the 
contamination of chromosomal DNA. If one used a vertical rotor, since the 
diameter of the tubes was 25 mm, and the copy number of pIOl was very low, so 
DNA lysate for 1 litre culture could only form a faint band in the centrifuge tube. 
Finally, fixed angle tubes was the choice because it possessed a small diameter 
(16mm) but an adequate length to develop a gradual gradient. Chromosomal 
DNA and plasmid DNA were separated by nearly 1 cm that two clear bands 
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could be observed. 
Sma I digestion of pIOl generated 5 fragments and one of which possess 
the origin of replication of pIOl, one could fish out the region by cloning it into 
a selectable marker plasmid and then transformed the recombinant plasmid into 
different bacteria, thus a collection of shuttle vectors could be formed. Similar 
approach was used to construct a broad-host-range plasmid (Ditta et al., 1980) 
pRK290 with the addition of tetracycline resistant marker. The stability of the 
constructed plasmid will be the prerequisite： of using this shuttle vector. 
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3) Ethanol Production of Vibrio sp. strain 60 
A variety of carbon sources was tested in growing K sp. strain 60 in order 
to determine the conversion ratio of these sugars by strain 60. The conversion 
ratio of glucose was 16.8 % in V. sp. strain 60，compared with 5.39 % in S. 
typhimurium JR502, 5.56% in LT2 and 3.37 % in HSK1124, V. sp. strain 60 
produced ethanol to a larger extent than S. typhimurium without the help from 
P dc and adhB genes of Z. mobilis. Intuitively, more ethanol will be produced if 
P dc and adhB genes could be transformed into strain 60. This bacterium may be 
used in industry to produce ethanol. Current industrial fermentation plants usually 
require large volumes of freshwater for culture and cooling purpose, and the cost 
of production includes the transportation cost of the raw materials form their 
place of origin to the plant. In these two aspects, industrial fermentation using 
marine microorganisms has the advantages of : 1) fermentation industries using 
seawater which can support good growth of marine microorganisms can be 
established in countries and island states lacking freshwater systems for water 
supply to the fermentation plant and 2) industrial plants using marine 
microorganisms in the fermentation processes could therefore be built along shore 
using seawater as culture medium and for cooling and with minimum effluent 
disposal costs. Alternately, a coastal tanker equipped as a fermentation plant 
involving processes carries out by marine microorganisms could load fermentable 
raw materials at various local seaports and carry out the fermentation in situ 
during its voyage, therefore reducing the costs of transporting both raw materials 
and final products. Since K sp. strain 60 could ferment a variety of sugars, by 
providing low cost fermentation substrates, such as molasses and by making 
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mobile links between sources of biomass and potential markets, industrial 
fermentation involving marine microorganisms would be economically attractive. 
Moreover, Vibrio sp. strain 60 tolerate up to 1.19 M sodium chloride, which 
exceeds the usual value of sea water, so Vibrio sp. strain 60 may grow in any 
source of sea water to undergo fermentation. 
Since ethanol at a certain level changes the cell membrane, enzymes and 
cell wall structure ( Rose and Tempest, 1984), so the ceil density of V. sp. strain 
60 decreased when the ethanol concentration was 5 %. Despite of ethanol 
tolerance level, V. sp. strain 60 grew at the fastest rate at 42°C in P medium, such 
an elevated temperature will enhance not only the growth of vibrio cells but also 
enhances downstream processing, for example, evaporation and then 
condensation of ethanol by fractional distillation. So the production per unit time 
was increased and the time spent in downstream processing was decreased. 
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